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Abstract 



An electro-optical device of the present invention includes a TFT array substrate having pixel electrodes, and 
an opposing substrate having an opposing electrode. The surface of a substrate beneath the pixel electrode 
in the TFT array substrate or the surface of a substrate beneath the opposing electrode in the opposing 
substrate is raised in a plurality of projections in an area facing the spacing between adjacent pixel electrodes 
which are driven by mutually opposite polarity voltages in an alternating drive manner. Arranged on top of the 
projections are edge portions of the adjacent pixel electrodes. The substrate surface is planarized to be flat in 
an area thereof facing the spacing between adjacent pixel electrodes which are driven by the same polarity 
voltages in an alternating drive method. With this arrangement, the electro-optical device such as a 
liquid-crystal display device provides a high aperture ratio of a pixel and presents a high-contrast and bright 
image by reducing an orientation defect of a liquid crystal resulting from a step in the surface of the substrate 
facing the liquid crystal and an orientation defect of the liquid crystal resulting from a transverse electric field. 
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(54) Electro-optical device 

(57) An electro-optical device of the present inven- 
tion includes a TFT array substrate having pixel elec- 
trodes, and an opposing substrate having an opposing 
electrode. The surface of a substrate beneath the pixel 
electrode in the TFT array substrate or the surface of a 
substrate beneath the opposing electrode in the oppos- 
ing substrate is raised in a plurality of projections in an 
area facing the spacing between adjacent pixel elec- 
trodes which are driven by mutually opposite polarity 
voltages in an alternating drive manner. Arranged on top 
of the projections are edge portions of the adjacent pixel 
electrodes. The substrate surface is planarized to be flat 
in an area thereof facing the spacing between adjacent 
pixel electrodes which are driven by the same polarity 
voltages in an alternating drive method. With this ar- 
rangement, the electro-optical device such as a liquid- 
crystal display device provides a high aperture ratio of 
a pixel and presents a high-contrast and bright image 
by reducing an orientation defect of a liquid crystal re- 
sulting from a step in the surface of the substrate facing 
the liquid crystal and an orientation defect of the liquid 
crystal resulting from a transverse electric field. 



[FIG. 3] 




CL 
LU 



Printed by Jouve. 75001 PARIS <FR> 



1 



EP 1 079 260 A2 



2 



Description 

[0001] The present invention relates to the technical 
field of an electro-optical device such as a liquid-crystal 
display device, and more particularly, to the technical 
field of an electro-optical device, such as a thin-film tran- 
sistor (hereinafter referred as TFT), active-matrix liquid- 
crystal display device, which adopts an alternating drive 
method in which the polarities of the voltages applied to 
adjacent pixel electrodes are periodically alternated 
every pixel row or every pixel column so that the voltag- 
es applied to adjacent pixel electrodes in a row direction 
or in a column direction are inverted in polarity. 
[0002] Electro-optical devices, such as liquid-crystal 
display devices, include an electro-optical material such 
as a liquid crystal interposed between a pair of sub- 
strates, and the alignment state of the electro-optical 
material is controlled by the property of the electro-op- 
tical material and an alignment layer formed on the sub- 
strate on its surface facing the electro-optical material. 
If there is a step in the surface ol the alignment layer (in 
other words, if there is a step in the surface of the pixel 
electrode beneath the alignment layer or in the surface 
of an interiayer insulator serving a substrate for the pixel 
electrode), an orientation defect (a disclination) occurs 
in the electro-optical material depending on the magni- 
tude of the step. If such an orientation defect occurs, 
proper driving of the electro-optical material in that por- 
tion becomes difficult, and the contrast ratio of the de- 
vice drops due to a visible defect in the device. Since a 
TFT active-matrix electro-optical device includes, on a 
TFT array substrate, TFTs in many locations thereof for 
controlling and switching a variety of lines such as scan- 
ning lines, data lines, and capacitive lines, and pixel 
electrodes, a step inevitably occurs in the surface of an 
alignment layer in accordance with the presence of the 
lines and elements, if no planarizing process is per- 
formed. 

[0003] Conventionally, the portion of the substrate 
suffering from such a step is aligned with the spacing 
between adjacent pixel electrodes, and a light shield lay- 
er called a black mask or a black matrix covers the por- 
tion of the step (i.e., the spacing between the pixel elec- 
trodes) so that the portion of the electro-optical material 
suffering from the orientation defect may remain hidden 
or may not contribute to display light. 
[0004] Techniques for planarizing the surface of a 
substrate beneath the pixel electrode has been devel- 
oped, in which an interiayer insulator beneath the pixel 
electrode is fabricated of a planarized film such as an 
organic SOG (Spin On Glass) film so that a step result- 
ing from the presence of lines and TFTs may not be cre- 
ated. 

[0005] The electro-optical device of this sort typically 
adopts an alternating drive method in which the polarity 
of a potential applied to the pixel electrodes is alternated 
at a predetermined pattern to prevent degradation of the 
electro-optical material as a result of the application of 



a direct current voltage and to control a cross-talk arid 
flickering of a display screen image. A 1H alternating 
drive method is relatively easy to control and presents 
a high-quality image display, wherein during the pres- 

5 entation of a video signal of one frame or one field, the 
pixel electrodes arranged on an odd row are driven by 
a positive polarity relative to the potential of an opposing 
electrode, while the pixel electrodes arranged on an 
even row are driven by an negative polarity relative to 

io the potential of the opposing electrode, and during the 
presentation of a video signal of a next frame or a next 
field, conversely, the pixel electrodes arranged on the 
even row are driven by a positive polarity while the pixel 
electrodes arranged on the odd row are driven by a neg- 

15 ative polarity (in other words, the pixel electrodes on the 
same row are driven by the same polarity potential and 
the potential polarity is alternated every row with the pe- 
riod of frame or field). A IS alternating drive method is 
also easy to control and presents a high-quality image 

20 display, wherein the pixel electrodes on the same col- 
umn are driven by the same polarity potential while the 
potential polarity is alternated every column with the pe- 
riod of frame or field. 

[0006] The technique to cover the above-referenced 
25 step with the light shield layer narrows the aperture of 
the pixel depending on the size of the step portion, and 
cannot meet the basic requirement in the technical field 
of the electro-optical device that the aperture ratio of the 
pixel be increased in a limited image display area to 
30 present a brighter image. The number of lines and TFTs 
per unit area increases as the pixel pitch becomes fine 
for high -definition video presentation. Since there is a 
limitation to the miniaturization of the lines and the TFTs. 
the ratio of the step portion to the image display area 
35 becomes relatively high, and the problem of the step 
portion becomes serious as high-definition design is 
promoted in the electro-optical device. 
[0007] In accordance with the above-referenced tech- 
nique for planarizing the interiayer insulator beneath the 
40 pixel electrodes, no particular problem will be presented 
when adjacent pixel electrodes are of the same polarity 
in a TFT array substrate. When the phases of the volt- 
ages (the voltages applied to the pixel electrodes adja- 
cent in the column direction in the 1H alternating drive 
45 method, and the voltages applied to the pixel electrodes 
adjacent in the row direction in the IS alternating drive 
method) are opposite in polarity as in the above-refer- 
enced 1H alternating drive method or IS alternating 
drive method, the gap between the pixel electrode and 
so the opposing electrode becomes wider at the edge of 
the pixel electrode over the line and the TFT when the 
planarizing process is performed than when no planariz- 
ing process is performed. A transverse electric field tak- 
ing place between the adjacent pixel electrodes (specif- 
55 icaily, an electric field in parallel with the surface of the 
substrate or a slant electric field having a component in 
parallel with the surface of the substrate) relatively in- 
tensifies. If such a transverse electric field is applied to 
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the electro-optical material which is expected to work 
under a longitudinal electric field present between the 
pixel electrodes and the opposing electrode (i.e., an 
electric field perpendicular to the surface of the sub- 
strate), an orientation defect takes place in the electro- 
optical material, visible defect occurs there, and the con- 
trast ratio drops. Although the area of the transverse 
electric field can be covered with the light shield layer, 
the aperture of the pixel is reduced with the area of the 
transverse electric field. As the distance between the 
adjacent pixel electrodes shrinks with a fine pixel pitch, 
the transverse electric field intensifies, and these be- 
come more problematic as high-definition design is pro- 
moted more in the electro-optical device. 
[0008] The present invention has been developed in 
view of the above problems, and it is an object of the 
present invention to provide an electro-optical device 
such as a liquid-crystal display device which presents a 
high aperture ratio of pixel while displaying a high-con- 
trast-ratio, bright and high-quality image, by generally 
reducing an orientation defect resulting from a step in 
the surface of a substrate in contact with an electro-op- 
tical material such as a liquid crystal and an orientation 
defect resulting from a transverse electric field. 
[0009] To resolve the above object, a first electro-op- 
tical device of the present invention includes a first sub- 
strate having a plurality of pixel electrodes, a second 
substrate having an opposing electrode facing the pixel 
electrodes, and an electro-optical material interposed 
between the first substrate and the second substrate, 
wherein the thickness of the elect ro-optical material be- 
tween adjacent pixel electrodes which are driven by mu- 
tually opposite polarity voltages is set to be thinner than 
the thickness of the electro-optical material between ad- 
jacent pixel electrodes which are driven by the same po- 
larity voltages. 

[0010] In the first electro-optical device of the present 
invention, the pixel electrodes are driven in an alternat- 
ing drive manner on a row by row basis or on a column 
by column basis. The thickness of the electro-optical 
material between pixel electrodes aligned in perpendic- 
ular to a row or a column of the pixel electrodes which 
is driven in an alternating drive manner is set to be thin- 
ner than the thickness of the electro-optical material be- 
tween pixel electrodes aligned with the row or the col- 
umn of the pixel electrodes which is driven in an alter- 
nating drive manner. 

[0011] A 1H alternating drive method and a IS alter- 
nating drive method effectively work as the alternating 
drive manner. 

[0012] Since the thickness of the electro-optical ma- 
terial between the adjacent pixel electrodes which are 
driven by mutually opposite polarity voltages is thin in 
this arrangement, a longitudinal electric field taking 
place between the pixel electrode and the opposing 
electrode is intensified. The longitudinal electric field is 
intensified relative to a transverse electric field in an ar- 
ea where the transverse electric field is generated, and 



the occurrence of an orientation defect of the electro- 
optical material due to the transverse electric field is re- 
duced. 

[0013] In the first electro-optical device of the present 
5 invention, the first substrate includes a plurality of pro- 
jections formed beneath the pixel electrodes in a posi- 
tion corresponding to the spacing between the adjacent 
pixel electrodes which are driven by the mutually oppo- 
site polarity voltages. 
10 [0014] The second substrate includes a plurality of 
projections formed beneath the opposing electrode in a 
position corresponding to the spacing between the ad- 
jacent pixel electrodes which are driven by the mutually 
opposite polarity voltages. 
is [0015] The projections on the first substrate may be 
formed by laminating an insulating layer and a wiring 
layer on the first flat substrate. 

[0016] The projections on the second substrate may 
form a light shield layer. 
20 [0017] It is contemplated that the cross section of the 
projections, sectioned in a plane perpendicular to the 
length direction of the projections, may have a variety 
of shapes, such as a trapezoid, a triangle, or a semi- 
circle. 

25 [0018] The projections may be produced by making 
use of a conductor layer or interlayer insulator, forming 
lines and thin-film transistors, for instance, or may be 
fabricated by locally adding a film for the projections be- 
tween the first substrate and the pixel electrode in a lam- 
30 ination process. 

[0019] As long as the cross-sectional shape of the 
projections is determined in accordance with the prop- 
erty of the electro-optical material such as a liquid crys- 
tal so that the orientation defect of the electro-optical 
35 material resulting from the step is minimized, the pro- 
jections are considered consistent with the object of the 
present invention even if the projections partly increase 
the thickness of the electro-optical material. 
[0020] The edge portion of each of the adjacent pixel 
*o electrodes may be positioned on top of the projections. 
[0021] In this case, the spacing between the edges of 
the adjacent pixel electrodes is preferably approximate- 
ly equal to the distance between the opposing electrode 
on the second substrate and the edge portion of the pixel 
45 electrode. 

[0022] Preferably, the spacing between the edges of 
the adjacent pixel electrodes is greater than half a cell 
gap thereof. 

[0023] In this embodiment, the longitudinal electric 
so field is intensified relative to the transverse electric field 
to the degree that the adverse effect of the transverse 
electric field is not pronounced. Without thinning the 
thickness of the electro-optical material, the spacing be- 
tween the pixel electrodes is narrowed. If the pixel pitch 
ss becomes fine, not only the aperture ratio is maintained, 
but also the thickness of the electro-optical material is 
controlled. 

[0024] The thickness of the projections is preferably 
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at least 300 nm. 

[0025] With this arrangement, the longitudinal electric 
field in the area where the transverse electric field is 
generated intensifies as the thickness of the electro-op- 
tical material is reduced. Since the step is raised to be 
300 nm or more in an area where groups of pixel elec- 
trodes are adjacent to each other, the thickness is re- 
duced accordingly, and the longitudinal electric field is 
intensified relative to the transverse electric field in the 
area to the degree that the adverse effect of the trans- 
verse electric field is not pronounced in practice. 
[0026] When the electro-optical material is a TN 
(Twisted Nematic) liquid crystal, the projections prefer- 
ably include an inclined sidewail, and the pretilt angle of 
the twisted nematic liquid crystal is preferably equal to 
the inclination angle of the inclined sidewail of the pro- 
jections. 

[0027] In accordance with this embodiment in princi- 
ple, the TN liquid-crystal molecules, substantially in par- 
allel with the surface of the substrate with no voltage 
applied, are aligned to be gradually twisted from the first 
substrate to the second substrate, and with the tapered 
sidewail formed on the substrate surface, a good liquid- 
crystal alignment state, nearly as good as when the 
thickness of the TN liquid crystal remains fixed at the 
center of the pixel electrode, is obtained even if the thick- 
ness of the TN liquid crystal gradually decreases as it 
runs laterally. Specifically, the liquid crystal orientation 
defect due to the step is minimized in the portion of the 
liquid crystal that is locally thinned to reduce the liquid- 
crystal orientation defect attributed to the transverse 
electric field. 

[0028] Since the pretilt angle of the TN liquid crystal 
in the first substrate matches the inclination angle of the 
inclined sidewail of the projections in accordance with 
this embodiment, the TN liquid-crystal molecules, sub- 
stantially in parallel with the surface of the substrate with 
no voltage applied, are aligned to be inclined at a pretilt 
angle as large as several degrees with respect to the 
surface of the substrate. With the pretilt angle of the TN 
liquid crystal on the first substrate matching the inclina- 
tion angle of the tapered sidewail, a good liquid-crystal 
alignment state, nearly as good as when the thickness 
of the TN liquid crystal remains fixed at the center of the 
pixel electrode, is obtained even if the thickness of the 
TN liquid crystal gradually decreases as it runs laterally. 
Here, "the pretilt angle of the TN liquid crystal on the first 
substrate matching the inclination angle of the tapered 
sidewail" means that both angles agree to the degree 
that a good liquid-crystal orientation state nearly as 
good as when the thickness of the TN liquid crystal re- 
mains constant is obtained, and a permissible range of 
agreement is determined experimentally, theoretically 
and through experience. 

[0029] The electro -optica I material is a VA (Vertically 
Aligned) liquid crystal, and the projections include a 
sidewail substantially perpendicularto the surface of the 
first substrate. 



[0030] In accordance with this embodiment, in princi- 
ple, VA liquid -crystal molecules are aligned to be sub- 
stantially perpendicular to the substrate with no voltage 
applied state, and the liquid crystal orientation is forced 

5 to be disturbed in an area where a border of substrate 
surfaces different in level is present. If the border of the 
substrate surfaces rises vertically, the portion of the liq- 
uid crystal subject to orientation disturbance is reduced 
in the area. A liquid crystal orientation state, nearly as 

10 good as when the thickness of the VA liquid crystal re- 
mains fixed, is obtained in a portion of the liquid crystal 
in a substantially fiat area on the substrate relatively 
higher in level and in a portion of the liquid crystal in a 
flat area on the substrate relatively lower in level. The 

is liquid crystal orientation defect resulting from the step 
where the thickness of the liquid crystal is locally thinned 
to reduce the liquid crystal orientation defect attributed 
to the transverse electric field is reduced. 
[0031] In the first electro-optical device of the present 

20 invention, the first substrate includes a flat area formed 
on the side thereof facing the electro-optical material in 
a position corresponding to the spacing between the ad- 
jacent pixel electrodes which are driven by the same po- 
larity voltages. 

25 [0032] The first substrate preferably includes a 
groove on the flat area of the surface thereof . and a line 
is preferably formed in an area corresponding to the 
groove. 

[0033] In accordance with this embodiment, the 
30 pianarizing process is relatively easily performed for a 
relatively high flatness by forming a groove by etching 
the first substrate and an inter layer insulator to be posi- 
tioned beneath the lines, such as the data line and the 
scanning line, and by burying the data line and scanning 
35 nne into the groove. 

[0034] A second electro-optical device of the present 
invention includes a first substrate having a plurality of 
pixel electrodes, a second substrate having an opposing 
electrode facing the pixel electrodes, an electro-optical 
40 material interposed between the first substrate and the 
second substrate, and a plurality of projections formed 
on the first substrate beneath the pixel electrodes in a 
position corresponding to the spacing between adjacent 
pixel electrodes which are driven by mutually opposite 
*s polarity voltages. 

[0035] A third electro-optical device of the present in- 
vention includes a first substrate having a plurality of pix- 
el electrodes, a second substrate having an opposing 
electrode facing the pixel electrodes, an electro-optical 
so material interposed between the first substrate and the 
second substrate, and a plurality of projections formed 
on the second substrate beneath the opposing elec- 
trode in a position corresponding to the spacing be- 
tween adjacent pixel electrodes which are driven by mu- 
55 tually opposite polarity voltages. 

[0036] A fourth electro-optical device of the present 
invention includes a first substrate having a plurality of 
pixel electrodes, a second substrate having an opposing 
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electrode facing the pixel electrodes, an electro-optical 
material interposed between the first substrate and the 
second substrate, and a flat area formed on the side of 
the first substrate facing the electro-optical material in a 
position corresponding to the spacing between adjacent 
pixel electrodes which are driven by the same polarity 
voltages. 

[0037] A fifth electro-optical device of the present in- 
vention includes an element-array substrate having a 
plurality of data lines, a plurality of scanning lines inter- 
secting the data lines, a plurality of pixel electrodes ar- 
ranged in a matrix, each pixel electrode arranged in an 
area surrounded by the data lines and the scanning 
lines, and a switching element., connected to the data 
line and the scanning line, for outputting a video signal 
to the pixel electrode, an opposing substrate having an 
opposing electrode facing the pixel electrodes, an elec- 
tro-optical material interposed between the element-ar- 
ray substrate and the opposing substrate, a flat area 
formed on the element-array substrate on the side 
thereof facing the electro-optical material in an area 
along the data line, and a projection formed on the ele- 
ment-array substrate on the side thereof facing the elec- 
tro-optical material in an area along the scanning line. 
[0038] The plurality of the pixel electrodes arranged 
in a matrix are preferably driven in an alternating drive 
manner on a scanning line by scanning line basis. 
[0039] The projection may be formed in an area of a 
capacitive line extending along the scanning line. 
[0040] The projection may have a flat portion on the 
peak thereof. 

[0041] The flat area may be produced by forming a 
groove in an area on the element-array substrate along 
the data line. 

[0042] A sixth electro-optical device of the present in- 
vention includes an element-array substrate having a 
plurality of data lines, a plurality of scanning lines inter- 
secting the data lines, a plurality of pixel electrodes ar- 
ranged in a matrix, each pixel electrode arranged in an 
area surrounded by the data lines and the scanning 
lines, and a switching element connected to the data 
line and the scanning line, for outputting a video signal 
to the pixel electrode, an opposing substrate having an 
opposing electrode facing the pixel electrodes, an elec- 
tro-optical material interposed between the element-ar- 
ray substrate and the opposing substrate, a projection 
formed on the element-array substrate on the side 
thereof facing the electro-optical material in an area 
along the data line, and a flat area formed on the ele- 
ment-array substrate on the side thereof facing the elec- 
tro-optical material in an area along the scanning line. 
[0043] The plurality of the pixel electrodes arranged 
in a matrix are preferably driven in an alternating drive 
manner on a data line by data line basis. 
[0044] The flat area may be formed in an area of a 
capacitive line extending along the scanning line. 
[0045] The projection may have a flat portion on the 
peak thereof. 



[0046] The flat area may be produced on the element- 
array substrate by forming a groove in an area along the 
scanning line and the capacitive line. 
[0047] A seventh electro-optical device of the present 

5 invention includes an element-array substrate having a 
plurality of data lines, a plurality of scanning lines inter- 
secting the data lines, a plurality of pixel electrodes ar- 
ranged in a matrix, each pixel electrode arranged in an 
area surrounded by the data lines and the scanning 

to lines, and a switching element, connected to the data 
line and the scanning line, for outputting a video signal 
to the pixel electrode, an opposing substrate having an 
opposing electrode facing the pixel electrodes, an elec- 
tro-optical material interposed between the element-ar- 

75 ray substrate and the opposing substrate, a flat area 
formed on the opposing substrate on the side thereof 
facing the electro-optical material in an area corre- 
sponding to the data line of the element-array substrate, 
and a projection formed on the opposing substrate on 

20 the side thereof facing the electro-optical material in an 
area corresponding to the scanning line of the element- 
array substrate. 

[0048] The plurality of the pixel electrodes arranged 
in a matrix are preferably driven in an alternating drive 
25 manner on a scanning line by scanning line basis. 

[0049] The projection may be formed in an area of a 
capacitive line extending along the scanning line. 
[0050] The element-array substrate may include a 
groove, corresponding to an area in which the data line 
30 extends, for planarizing the surface of the element-array 
substrate facing the electro-optical material. 
[0051] The element-array substrate may include, on 
the surface thereof, a groove in an area corresponding 
to the area where the scanning line extends, for 
35 planarizing the surface of the element-array substrate 
facing the electro-optical material. 
[0052] An eighth electro-optical device of the present 
invention includes an element-array substrate having a 
plurality of data lines, a plurality of scanning lines inter- 
40 secting the data lines, a plurality of pixel electrodes ar- 
ranged in a matrix, each pixel electrode arranged in an 
area surrounded by the data lines and the scanning 
lines, and a switching element, connected to the data 
line and the scanning line, for outputting a video signal 
*5 to the pixel electrode, an opposing substrate having an 
opposing electrode facing the pixel electrodes, an elec- 
tro-optical material interposed between the element-ar- 
ray substrate and the opposing substrate, a projection 
formed on the-opposing substrate on the side thereof 
so facing the electro-optical material in an area corre- 
sponding to the data line of the element-array substrate, 
and a flat area formed on the opposing substrate on the 
side thereof facing the electro-optical material in an area 
corresponding to the scanning line of the eiement-array 
55 substrate. 

[0053] The plurality of the pixel electrodes arranged 
in a matrix are preferably driven in an alternating drive 
manner on a scanning line by scanning line basis. 
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[0054] The element-array substrate may include, on 
the surface thereof, a groove, in an area corresponding 
to the area where the data fine extends, for planarizing 
the surface of the element-array substrate facing the 
electro-optical material. 

[0055] The element-array substrate may include, on 
the surface thereof, a groove, in an area corresponding 
to the area where the scanning line extends, for 
planarizing the surface of the element-array substrate 
facing the electro-optical material. 
[0056] The electro-optical device of the present inven- 
tion reduces the orientation defect of the electro-optical 
material resulting from the transverse electric Held and 
the orientation defect of the electro-optical material re- 
sulting from the step and the light shield layer for cov- 
ering the orientation defect portions of the electro-opti- 
cal material is reduced in size. The aperture ratio of each 
pixel is increased without creating image defects such 
as visible defect, and a high-contrast ratio, bright, and 
high-quality image is presented. 
[0057] The operation and other advantages of the 
present invention will be shown in the following discus- 
sion of the embodiments. 

[0058] Embodiments of the invention will now be de- 
scribed by way of further example only and with refer- 
ence to the accompanying drawings, in which:- 
[0059] FIG. 1 is an equivalent circuit diagram of a va- 
riety of elements and lines in a plurality of pixels ar- 
ranged in a matrix, constituting an image display area 
of the electro-optical device of a first embodiment. 
[0060] FIG. 2 is a plan view showing a plurality of pixel 
groups composed of a plurality of adjacent pixels in a 
TFT array substrate having a data line, a scanning line, 
a pixel electrode, etc. in the electro-optical device of the 
first embodiment. 

[0061] FIG. 3 is a cross-sectional view taken along 
line A-A* in FIG. 2. 

[0062] FIG. 4 is a cross-sectional view taken along B- 
B' in FIG. 2. 

[0063] FIG. 5 is a cross-sectional view taken along C- 

C in FIG. 2. 

[0064] FIGS. 6(a) and 6(b) are diagrammatic plan 
views showing a pixel electrode in each pixel and an 
area where a transverse electric field takes place in a 
1 H alternating drive method used in the first embodi- 
ment and a third embodiment. 

[0065] FIGS. 7(a), 7(b) and 7(c) are diagrammatic 
cross-sectional views showing the orientation of liquid- 
crystal molecules when a TN liquid crystal is used in the 
first embodiment. 

[0066] FIGS. 3(a) and 3(b) are diagrammatic cross- 
sectional views showing the orientation of liquid-crystal 
molecules when a VA liquid crystal is used in the first 
embodiment. 

[0067] FIGS. 9(a) through 9(d) are process diagrams 
showing a manufacturing process of the electro-optical 
device of the first embodiment. 

[0068] FIG. 10 is a plan view showing a group of ad- 



jacent pixels on a TFT array having a data line, a scan- 
ning line, a pixel electrode, etc. thereon in an electro- 
optical device of a second embodiment of the present 
invention. 

5 [0069] FIG. 11 is a cross-sectional view taken along 
line A-A* in FIG. 10. 

[0070] FIG. 12 is a cross-sectional view taken along 
line B-B* in FIG. 10. 

[0071] FIG. 13 is a cross-sectional view taken along 

10 line C-C in FIG. 10. 

[0072] FIGS. 14(a) and 14(b) are diagrammatic plan 
views of pixel electrodes, showing the voltage polarity 
in each pixel electrode and an area where a transverse 
electric field is generated in a IS alternating drive meth- 

is od used in the second embodiment and a fourth embod- 
iment. 

[0073] FIG. 15 is a plan view showing a plurality of 
groups of adjacent pixels on a TFT array having a data 
line, a scanning line, a pixel electrode, etc. thereon in 
20 an electro-optical device of the third embodiment of the 
present invention. 

[0074] FIG. 16 is a cross-sectional view taken along 
line A-A' in FIG. 15. 

[0075] FIG. 17 is a cross-sectional view taken along 
25 line B-B' in FIG. 15. 

[0076] FIG. 13 is a cross-sectional view taken along 
line C-C* in FIG. 15. 

[0077] FIGS. 19(a) through 19(d) are cross-sectional 
views showing a variety of sections of projections in the 
30 third embodiment. 

[0078] FIGS. 20(a) through 20(d) are cross-sectional 
views showing a variety of sections of projections in the 
third embodiment. 

[0079] FIGS. 21 (a) through 21 (c) are cross-sect ionai 
35 views showing alignment states of liquid-crystal mole- 
cules when a TN liquid crystal is used in the third em- 
bodiment. 

[0080] FIGS. 22(a) and 22(b) are cross-sectional 
views showing alignment states of liquid-crystal mole- 
40 cules when a VA liquid crystal is used in the third em- 
bodiment. 

[0081] FIGS. 23(a) through 23(d) are process dia- 
grams sequentially showing the manufacturing process 
of the electro-optical device of the third embodiment. 
45 [0082] FIGS. 24(a) and 24(b) are plan views showing 
specific examples of the plan layout of a projection and 
a light shield layer formed on an opposing substrate in 
the third embodiment. 

[0083] FIGS. 25(a) and 25(b) are plan views showing 
so specific examples of the plan layout of a projection and 
a light shield layer formed on an opposing substrate in 
the third embodiment. 

[0084] FIG. 26 is a plan view showing a plurality of 
groups of adjacent pixels on a TFT array having a data 
55 line, a scanning line, a pixel electrode, etc. thereon in 
an electro-optical device of the fourth embodiment of the 
present invention. 

[0085] FIG. 27 is a cross-sectional view taken along 
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line A-A' in FIG. 25. . 

[0086] FIG. 28 is a cross-sectional view taken along 
line B-B* in FIG. 26. 

[0087] FIG. 29 is a cross-sectional view taken along 
line C-C in FIG. 26. 

[0088] FIG. 30 is a cross-sectional view showing an 
area where a scanning line and a capacitive line extend 
in a fifth embodiment. 

[0089] FIG. 31 is a cross-sectional view showing an 
area where a scanning line and a capacitive line extend 
in a sixth embodiment. 

[0090] FIG. 32 is a plan view of the TFT array sub- 
strate with components arranged thereon, viewed from 
the opposing substrate in the electro-optical device of 
each embodiment. 

[0091] FIG. 33 is a cross-sectional view taken along 
line H-H' in FIG. 30. 

[0092] FIG. 34 shows an embodiment of electronic 
equipment. 

[0093] FIG. 35 shows an embodiment of a projection 
display apparatus in which each of the embodiments is 
implemented. 

[0094] FIG. 36 shows an embodiment of a personal 
computer in which each of the embodiments is imple- 
mented. 

[0095] The embodiments of the present invention are 
now discussed, referring to the drawings. In each of the 
following embodiments, the electro-optical device of the 
present invention is incorporated in a liquid-crystal dis- 
play device. 

(First embodiment) 

[0096] An electro-optical device of a first embodiment 
of the present invention is now discussed, referring to 
FIG. 1 through FIG. 8. FIG. 1 is an equivalent circuit di- 
agram of a variety of elements and lines in a plurality of 
pixels arranged in a matrix, constituting an image dis- 
play area of the electro-optical device, FIG. 2 is a plan 
view showing a plurality of pixel groups composed of a 
plurality of adjacent pixels in a TFT array substrate bear- 
ing a data line, a scanning line, a pixel electrode, etc., 
FIG. 3 is a cross-sectional view taken along line A-A 1 in 
PIG. 2, FIG. 4 is a cross-sectional view taken along B- 
B' in FIG. 2, FIG. 5 is a cross-sectional view taken along 
C-C* in FIG. 2. FIGS. 6(a) and 6(b) are diagrammatic 
plan views showing a pixel electrode in each pixel and 
an area where a transverse electric field takes place in 
a 1 H alternating drive method. FIGS. 7(a), 7(b) and 7(c) 
are diagrammatic cross-sectional views showing the ori- 
entation of liquid-crystal molecules of aTN liquid crystal, 
and FIGS. 8(a) and 8(b) are diagrammatic cross-sec- 
tional views showing the orientation of liquid-crystal mol- 
ecules of a VA liquid crystal. In FIG. 3 through FIG. 5, 
layers and members are drawn in different scales to 
present them distinctly visible in the figures. 
[0097] Referring to FIG. 1. the plurality of the pixels 
arranged in a matrix constituting the image display area 



of the electro-optical device of the first embodiment of 
the present invention include pixel electrodes 9a and 
TFTs 30 for controlling the respective pixel electrodes 
9a, arranged in a matrix, and data lines 6a carrying a 

5 video signal are respectively electrically connected to 

the sources of the TFTs 30. Video signals SI , S2 Sn 

may be supplied on the data lines 6a in a one-line-at-a- 
time manner in that order, or may be supplied to a group 
of adjacent data lines 6a at a time on a group-by-group 

io basis. Scanning lines 3a are respectively electrically 
connected to the gates of the TFTs 30 and are supplied 
with scanning signal G1, G2, .... Gm in the form of puls- 
es at a predetermined timing in a one-line-at-a-time 
manner in that order. Pixel electrodes 9a are respective- 
ly |y electrically connected to the drains of the TFTs 30, 

and the video signals S1, S2 Sn fed through the data 

lines 6a are written at a predetermined timing by closing 
the TFTs 30 ; as a switching element, for a predeter- 
mined duration of time. The video signals S1 , S2 Sn 

20 at a predetermined level, which are written on a liquid 
crystal as an electro-optical material through the pixel 
electrodes 9a, are stored in the liquid crystal for a pre- 
determined duration of time with an opposing electrode 
(to be discussed later) formed on an opposing substrate 

25 (to be discussed later). The liquid crystal modulates light 
to present it in a gradation by varying the orientation or 
the order of the collection of molecules. In a normally 
white mode, the amount of light transmitted through the 
liquid crystal is reduced depending on a voltage applied, 

30 while in a normally black mode, the amount of light trans- 
mitted through the liquid crystal is increased depending 
on a voltage applied, and as a result, the electro-optical 
device outputs light bearing a contrast responsive to the 
video signal. To prevent the stored video signal from 

35 leaking, a storage capacitor 70 is added in parallel with 
the capacitor of the liquid crystal formed between the 
pixel electrode 9a and the opposing electrode. 
[0098] In the first embodiment, the 1H alternating 
drive method : from among the above-referenced con- 

40 ventional alternating drive methods, is performed (see 
FIGS. 6(a) and 6(b)). In this way, the electro-optical de- 
vice avoids the degradation of the liquid crystal resulting 
from the application of a direct current while presenting 
an image with a reduced flickering taking place with the 

45 period of frame or field and a reduced vertical cross talk 
in particular. 

[0099] Referring to Fl G. 2 T a matrix of transparent pix- 
el electrodes 9a (the peripheral outline of which is rep- 
resented by broken lines 9a') is arranged on a TFT array 

so substrate of the electro-optical device, and the data line 
6a, the scanning line 3a. and the capacitive line 3b ex- 
tend along the vertical and horizontal borders between 
the pixel electrodes 9a. The data line 6a is electrically 
connected to the source region, to be discussed later. 

55 of a semiconductor layer 1a, fabricated of a polysilicon 
layer, through a contact hole 5. The pixel electrode 9a 
is electrically connected to the drain region, to be dis- 
cussed later, of the semiconductor layer 1 a through a 
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contact hole 8. The scanning line 3a is arranged to face 
a channel region 1 a\ represented as a box, hatched with 
rightwardly downwardly inclined lines as shown, ot the 
semiconductor layer 1a, and functions as a gate elec- 
trode. In this way, a pixel switching TFT 30. with the 
scanning line 3a facing the channel region la' as the gate 
electrode thereof, is arranged at each intersection of the 
scanning line 3a and the data line 5a. 
[01 00] The capacitive line 3b includes a main line por- 
tion that substantially linearly extends along the scan- 
ning line 3a and a projecting portion that upwardly 
projects along the data line 6a from an intersection 
thereof with the data line 6a as shown. 
[0101] Particularly in the first embodiment., strips of 
grooves 201 are formed in an area extending along the 
data line 6a, including the data line 6a and the TFT 30, 
in the TFT array substrate 10 (the outline of the area is 
represented by solid lines as shown). The planarizing 
process is thus performed on the data line 6a. 
[0102] Referring to a cross-sectional view in FIG. 3, 
the electro-optical device includes the transparent TFT 
array substrate 1 0 and a transparent opposing substrate 
20 opposing the transparent TFT array substrate 10. 
The TFT array substrate 1 0 is fabricated of a quartz sub- 
strate, a glass substrate, or a silicon substrate, for in- 
stance, and the opposing substrate 20 is fabricated of 
a glass substrate or a quartz substrate, for instance. The 
TFT array substrate 10 is provided with the pixel elec- 
trodes 9a, and arranged on top of them is an alignment 
layer 16 which has been subjected to a predetermined 
alignment process such as a rubbing process. The pixel 
electrode 9a is fabricated of a transparent, electrically 
conductive film : such as an ITO (Indium Tin Oxide) film. 
The alignment layer 16 is fabricated of an organic thin 
film, such as a polyimide thin film. 
[0103] The opposing substrate 20 has an opposing 
electrode 21 extending on the entire surface thereof, 
and an alignment layer 22 therebeneath that has been 
subjected to a predetermined alignment process such 
as a rubbing process. The opposing electrode 21 is fab- 
ricated of a transparent electrically conductive film, 
such as an ITO film. The alignment layer 22 is fabricated 
of an organic thin film such as a polyimide thin film. 
[0104] Arranged on the TFT array substrate 10 is a 
pixel switching TFT 30, adjacent to each pixel electrode 
9a. for controlling the pixel electrode 9a. 
[0105] Arranged on the opposing substrate 20 is a 
light shield layer 23. typically referred to as a black mask 
or a black matrix, in a non-aperture area in each pixel 
as shown in FIG. 3. For this reason, no incident light 
enters the channel region ia\ a lightly doped source re- 
gion lb, and a lightly dopec drain region 1c of the sem- 
iconductor layer 1a of the pixel switching TFT 30, from 
the opposing substrate 20. Tne light shield layer 23 has 
the function of improving a contrast ratio : and the func- 
tion of preventing color mixing of color materials when 
a color filter is produced. In this embodiment, the data 
line 6a having a light shieic property and constructed of 



A1 or the like may be used to light shield the non-aper- 
ture area of each pixel to define a segment of the outline 
of the aperture area of each pixel along the data line 6a, 
or a light shield layer 23 arranged on the opposing sub- 
5 strata 20 may redundantly or solely light-shield the non- 
aperture area along the data line 5a. 
[0106] A liquid crystal, as one example of the electro- 
optical material, is encapsulated, in a gap surrounded 
by a sealing material to be discussed later between the 
10 TFT array substrate 10 and the opposing substrate 20 
arranged with the pixel electrodes 9a facing the oppos- 
ing electrode 21 , and a liquid-crystal layer 50 is thus 
formed. The liquid-crystal layer 50 takes a predeter- 
mined orientation state by the alignment layer 16 and 
is the alignment layer 22 with no electric field applied by 
the pixel electrode 9a The liquid-crystal layer 50 is 
formed of a mixture of one or several types of nematic 
liquid crystals. The sealing material is an adhesive agent 
made of a thermal setting agent or a photo-setting agent 
20 for bonding the TFT array substrate 10 to the opposing 
substrate 20 along the edges thereof, and is mixed with 
spacers such as glass fiber or glass beads to keep a 
predetermined distance between the two substrates. 
[0107] An insulator substrate 1 2 is arranged between 
25 the TFT array substrate 1 0 and the plurality of the pixel 
switching TFTs 30. The insulator substrate 12 extends 
on the entire surface of the TFT array substrate 1 0. pre- 
venting irregularities during the polishing of the surface 
of the TFT array substrate 1 0 and dirt left after a cleaning 
30 operation, from changing the characteristics of the pixel 
switching TFT 30. The insulator substrate 1 2 is fabricat- 
ed of highly insulating glass such as NSG (non-doped 
silicate glass), PSG (phosphosilicate glass), BSG (boro- 
silicate glass), BPSG (borophosphosilicate glass) or a 
35 silicon oxide film or a silicon nitride film. 

[0108] In the first embodiment, the semiconductor lay- 
er 1 a extends from a heavily doped drain region le, form- 
ing a first storage capacitor electrode lf : and a portion 
of the capacitive line 3b facing the capacitor electrode 
40 if becomes a second capacitor electrode, and a thin in- 
sulator layer 2 including a gate insulator extends from a 
position thereof facing the scanning line 3a, thereby 
serving as a dielectric layer interposed between these 
electrodes, and thereby forming the storage capacitor 
45 70. 

[0109] Referring to FIG. 3. the pixel switching TFT 30 
has an LDD (Lightly Doped Dram) structure, and in- 
cludes the scanning line 3a. the channel region la' of the 
semiconductor layer 1a in which a channel is formed by 

50 the electric field from the scanning line 3a, the thin in- 
sulator layer 2 including the gate insulator for insulating 
the scanning line 3a from the semiconductor layer la, 
the data line 6a, the lightly doped source region 1b and 
the lightly doped drain region 1c of the semiconductor 

55 layer 1a, and the heavily doped source region 1d and 
the heavily doped drain region le of the semiconductor 
layer la. A corresponding one of the plurality of the pixel 
electrodes 9a is connected to the heavily doped drain 
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region le through the contact hole 8. Formed on top of 
the scanning line 3a and the capacitrve line 3b is a first 
interlayer insulator 4 having the contact hole 5 connect- 
ing to the heavily doped source region 1d and the con- 
tact hole 8 connecting to the heavily doped drain region 
le Formed on top of the data line 6a and the first inter- 
layer insulator 4 is a second interlayer insulator 7 having 
the contact hole 8 connecting to the heavily doped drain 
region le. The above -referenced pixel electrode 9a is 
formed on top of the second interlayer insulator 7 thus 
constructed. 

[0110] Referring to FIG. 4, the data line 6a is arranged 
in the non-aperture area of the pixel, in the spacing be- 
tween the horizontally adjacent pixel electrodes 9a as 
shown in FIG. 2, and the data line 6a defines the seg- 
ment of the outline of the aperture area of each pixel 
along the data line 6a, and the visible defect is prevented 
by the data line 6a in the non-aperture area. The storage 
capacitor 70 is formed beneath the data line 6a, making 
use of the projecting portion of the main line portion of 
the capacitive line 3b extending beneath the data line 
6a and the non-aperture area is thus effectively utilized. 
[0111] As shown in FIG. 3 and FIG. 4, the first embod- 
iment in particular includes the plurality of the grooves 
201 in the area extending along the data line 6a, includ- 
ing the data line 6a and the TFT 30 in the TFT array 
substrate 10. With this arrangement, the planarizing 
process is performed on the data line 6a. 
[0112] Referring to FIG. 5, the scanning line 3a and 
the capacitive line 3b are arranged in the non-aperture 
area of each pixel positioned in the spacing between 
vertically adjacent pixel electrodes 9a as shown in FIG. 
2, and the light shield layer 23 on the opposing substrate 
20 defines a segment of the outline of the aperture area 
of each pixel along the scanning line 3a. and prevents 
visible defect in the non-aperture area. 
[011 3] Referring to FIG. 3 and FIG. 5, the first embod- 
iment in particular includes no grooves 201 in an area 
extending along the scanning line 3a, except the inter- 
section area where the scanning line 3a intersects the 
data line and the area peripheral to the intersection area 
on the TFT array substrate 10. Also as shown, no 
grooves 201 may be formed in the area extending along 
the capacitive line 3b. When the lamination becomes 
thick in the area of the capacitrve line 3b, the groove 201 
may be formed along the light transmissive area at least 
in a portion of the area of the capacitive line 3b. In this 
way, the visible defect due to the step is thus prevented. 
The planarizing process is thus not performed at least 
on the scanning line 3a, and the substrate surface (the 
surface of the second interlayer insulator 7 in the first 
embodiment) beneath the pixel electrode 9a is protrud- 
ed in a projection in the spacing between the pixel elec- 
trodes 9a where the scanning line 3a or the like is ar- 
ranged, and the projection 301 is thus formed. The edge 
of the pixel electrode 9a is formed on top of the projec- 
tion 301. 

[0114] The relationship between the voltage polanty 



of adjacent pixel electrodes 9a and the generation area 
of the transverse electric field in the 1 H alternating drive 
method adopted in the first embodiment is now dis- 
cussed, referring to FIGS. 6(a) and 6(b). 
5 [0115] Referring to FIG. 6(a), during the presentation 
of an n-th (n is a natural number) field video signal or 
frame video signal, the polarity of the liquid-crystal driv- 
ing voltage represented by -s- or - in each pixel electrode 
9a is not inverted, and the pixel electrodes 9a are driven 
io by the same polarity on a row by row basis. Referring to 
FIG. 6(b), during the presentation of an (n+1 )-th field vid- 
eo signal or frame video signal, the voltage polarity of 
the liquid-crystal driving voltage in the pixel electrodes 
9a is inverted, and during the presentation of the (n+1)- 
15 th field or the one frame video signal, the polarity of the 
liquid-crystal driving voltage represented by + or - in 
each pixel electrode 9a is not inverted, and the pixel 
electrodes 9a are driven by the same polarity on a row 
by row basis. The states shown in FIG. 5(a) and FIG. 6 
20 (b) are repeated with the period of field and frame, and 
the device is driven in the 1H alternating drive method. 
As a result, the device is free from the degradation of 
the liquid-crystal through the application of the direct 
current while presenting an image with reduced cross 
25 talk and reduced flickering. The 1H alternating drive 
method outperforms the 1 3 alternating drive method in 
that almost no vertical cross talk is presented. 
[0116] Referring to FIG. 6(a) and FiG. 6(b), in the 1H 
alternating drive method, the generation area C1 of the 
30 transverse electric field is always located in the spacing 
between adjacent pixel electrodes 9a in a vertical direc- 
tion (a Y direction). 

[0117] Referring to FIG. 3 and FIG. 5 : the first embod- 
iment includes the projection 301 in the area extending 
35 along the scanning line 3a so that the longitudinal elec- 
tric field in the edge portions of the pixel electrodes 9a 
located on the projection 301 intensifies. Specifically, re- 
ferring to FIG. 5, the distance d1 between the edge por- 
tion of the pixel electrode 9a located on top of the pro- 
40 jection 301 and the opposing electrode 21 is shortened 
by the step (height) of the projection 301 In contrast, as 
shown in FIG. 4, the planarizing process is performed 
on the data line 5a by forming the groove 201 so that 
the distance d2 between the edge portion of the pixel 
45 electrode 9a and the opposing electrode 21 becomes 
approximately equal to the distance D between the cen- 
tral area of the pixel electrode 9a, which is a majority 
area of the pixel electrode 9a. and the opposing elec- 
trode 21. The distance d2 between the edge portion of 
so the pixel electrode 9a in the planarized area and the op- 
posing electrode 21 and the cell gap D of the liquid-crys- 
tal layer 50 in the approximate center of the pixel elec- 
trode are related to be d2+300 nm > D. Specifically, if a 
step having a magnitude of 300 nm or larger in the cell 
55 gap D of the liquid crystal in the area where no trans- 
verse electric field takes place, the visible defect may 
be created. 

[0118] In the generation area C1 of the transverse 
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electric fteid shown in FJGS. 6(a) and 6(b), the longitu- 
dinal electric field between the pixel electrode 9a and 
the opposing electrode 21 can thus be intensified. Even 
if the distance d1 is decreased as shown in FIG. 5, the 
spacing W1 between the adjacent pixel electrodes 9a 
remains unchanged, and the transverse electric field, 
which could intensify with a narrowing spacing W1 S is 
also kept constant. For this reason, the longitudinal elec- 
tric field is set to be stronger than the transverse electric 
field in localized areas in the generation area C1 of the 
transverse electric field shown in FIGS. 6(a) and 6(b). 
and as a result, the longitudinal electric field becomes 
predominant, thereby controlling the orientation defect 
of the liquid crystal in the generation area CI of the 
transverse electric field. 

[0119] Referring to FIG. 4, the planarizing process is 
performed on the data line 5a, reducing the creation of 
the orientation defect of the liquid crystal attributed to 
the step caused by the data line 6a or the like in that 
area. Because of the planarizing process implemented, 
the distance d2 between the pixel electrode 9a and the 
opposing electrode 21 is not decreased and the longi- 
tudinal electric field is not intensified. No transverse 
electric field is created in this area, unlike in the spacing 
between the pixel electrodes 9a as shown in FIGS. 6(a) 
and 6(b). Without any step implemented for the trans- 
verse electric field in this area, the planarizing process 
keeps the orientation state of the liquid crystal extremely 
good. 

[0120] In accordance with the first embodiment, as a 
result, taking advantage of the characteristics of the 
transverse electric field generated in the 1H alternating 
drive method, the longitudinal electric field is intensified 
by arranging the edge of the pixel electrode 9a on the 
projection 301 in the generation area C1 of the trans- 
verse electric field, thereby reducing the adverse effect 
of the transverse electric field with the longitudinal elec- 
tric field intensified, while the planarizing process is per- 
formed in the area where no transverse electric field is 
generated, in order to reduce the adverse effect of the 
step in the pixel electrode 9a. In this way. the orientation 
defect of the liquid crystal resulting from the transverse 
electric field and the orientation defect of the liquid crys- 
tal resulting from the step are generally reduced and the 
light shield layer 23 for covering the orientation defect 
portions of the liquid crystal is reduced in size. The ap- 
erture ratio of each pixel is increased without creating 
image defects such as visible defect, and a high-con- 
trast ratio, bright, and high-quality image is thus present- 
ed. 

[0121] According to the study carried out by the inven- 
tors of this invention, the liquid-crystal layer 50 needs to 
have a thickness (as thick as 3 urn or so, for instance) 
to keep the light resistance thereof at a certain level, not 
to make difficult an injection process of the liquid-crystal 
layer 50. and to allow liquid-crystal molecules to well 
move in response to an electric field applied in opera- 
tion. On the other hand, the study also shows that if the 



spacing W1 (see FIG. 5) between the adjacent pixel 
electrodes 9a is set to be shorter than the distance d1 
between the pixel electrode 9a in the corresponding ar- 
ea and the opposing electrode 21 (specifically, W1 <d1 ), 
s the adverse effect of the transverse electric field be- 
comes pronounced. If the thickness D (see FIG. 4 and 
FIG. 5) of the entire liquid-crystal layer 50 is merely 
thinned to achieve a high aperture ratio of fine-pitched 
pixels, the control of the thickness of the liquid crystal 
10 will become difficult, the light resistance will drop, the 
injection process will become difficult, and the liquid 
crystal molecules will be thus subject to faulty opera- 
tions. Conversely, if the spacing W1 between the adja- 
cent pixel electrodes 9a is merely decreased without 
is thinning the liquid-crystal layer 50 to achieve a high ap- 
erture ratio of the fine-pitched pixels, the transverse 
electric field will intensify relative to the horizontal elec- 
tric field, and the orientation defect of the liquid crystal 
due to the transverse electric field will become pro- 
20 nounced. Considering these properties of the liquid- 
crystal display apparatus, as in the first embodiment dis- 
cussedabove, the thickness d1 of the liquid-crystal layer 
50 is decreased (to 1 .5 u/n or so, for instance) in only 
the area where the transverse electric field is generated 
25 while the thickness 0 of the liquid-crystal layer 50 in the 
remaining area, which occupies the majority of the pixel 
electrode 9a, is not decreased, and the thickness D in 
the light transmissive area of the liquid -crystal layer 50 
is assured to be enough (to 3 u/n or so. for instance), 
30 and the spacing W1 between the adjacent pixel elec- 
trodes 9a is narrowed while not relatively intensifying the 
transverse electric field. This arrangement works effec- 
tively, achieving a high aperture ratio in the fine-pitched 
pixels and presenting a high -definition image. 
35 [0122] Referring to FIG. 5 : in the first embodiment in 
particular, the pixel electrodes 9a are preferably two-di- 
mensionally arranged to hold the relationship of 0.5D < 
W1. This is because the orientation defect of the liquid 
crystal becomes pronounced unless the thickness D of 
40 the liquid crystal is controlled to be greater than twice 
the spacing W1 between the pixel electrodes 9a. Fur- 
thermore, the projection 301 is formed to satisfy the re- 
lationship of d1+300 nm (nanometer) < D. Specifically, 
if the projection 301 is protruded for a step of 300 nm or 
45 larger, the longitudinal electric field in this area is inten- 
sified relative to the transverse electric field to the de- 
gree that the adverse effect of the transverse electric 
field is not pronounced. Although decreasing the spac- 
ing W1 and the spacing W2 to be as small as possible 
50 is effective to achieve a high aperture ratio in the fine- 
pitched pixels and to present a high definition image, the 
spacing W1 cannot be limitlessly decreased in an effort 
to keep the adverse effect of the transverse electric field 
contained. If the spacing Wl is decreased to be nearly 
55 equal to d1 , a high aperture ratio of the fine-pitched pix- 
els is most effectively achieved without degrading the 
quality of the image. 

[0123] Furthermore in the first embodiment, the edge 
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of the pixel electrode 9a is preierably positioned to be 
on the lengthwise edge portion of the top of the longitu- 
dinally extending projection 301 . With this arrangement, 
the distance d1 between the edge portion of the pixel 
electrode 9a and the opposing electrode 21 is de- 
creased by making maximum use of the height of the 
projection 301. At the same time, by taking full advan- 
tage of the width of the top of the projection 301, the 
spacing W1 between the adjacent pixel electrodes, 
where the transverse electric field is generated, is short- 
ened. In this way, the longitudinal electric field is inten- 
sified relative to the transverse electric field in the gen- 
eration area C1 of the transverse electric field by effi- 
ciently making use of the configuration of the projection 
301. 

[0124] The above-referenced projection 301 is 
formed making use of the conductive film and the inter- 
layer insulator, constructing the scanning line 3a and the 
TFT 30. A film for the projection may be added between 
the TFT array substrate 1 0 and the pixel electrode 9a in 
localized areas in a lamination process, the surface of 
the TFT array substrate 10 may be etched to form the 
projection, or the surface of the interlayer insulator in- 
terposed between the TFT array substrate 10 and the 
pixel electrode 9a may be etched to form the projection. 
The cross-sectional shape of the projection 301 perpen- 
dicular to the length direction of the projection may be 
any of a variety of shapes, such as a trapezoid, a trian- 
gle, a semi-circle, a semi-ellipsoid, a semi-circle or 
semi-ellipsoid having a flattened top surface, a quadrat- 
ic curve with the gradient thereof increasing as it rises, 
a cubical curve outline having an approximate trapezoi- 
dal shape, or a cubical curve outline having an approx- 
imate triangular shape. The scanning line 3a and the 
main line portion ol capacitive line 3b shown in FIG. 5 
may be partly subjected to the planarizing process. 
These lines may be partly embedded into a groove 
formed in the TFT array substrate 10 or in the interlayer 
insulator to form a projection having a desired height at 
a desired location. In practice, the cross-sectional shape 
may be appropriately determined to minimize the orien- 
tation defect of the liquid crystal resulting from the step 
in accordance with the property of the liquid crystal. 
[0125] Referring to FIG. 7(b), the liquid-crystal layer 
50 is preferably fabricated of a TN (Twisted Nematic) 
liquid crystal in the first embodiment, and the projection 
301 has a tapered sidewall. The pretilt angle 6 of the TN 
liquid crystal in the TFT array substrate 10 is set to 
match the inclination angle of the tapered sidewall. 
[0126] Specifically, as shown in FIG. 7(a), the liquid- 
crystal molecules 50a of the TN liquid crystal are aligned 
to be substantially in parallel with the substrate with no 
voltage applied, while gradually being twisted toward 
the opposing substrate 20 from the TFT array substrate 
10 With a voltage applied, the licuid^rystal molecules 
50a are aligned to be vertical to the substrate surface 
as represented by arrows. Referring to FIG. 7(b). the 
sidewall of the projection 301 is tapered, and the incli- 



nation angle of the tapered sidewall is set to match the 
pretilt angle 9 of the TN liquid crystal. Even if the thick- 
ness dl of the liquid crystal gradually decreases be- 
tween the projection 301 and the opposing substrate 20, 
5 a good liquid-crystal orientation state as good as when 
the layer thickness D of the liquid crystal remains con- 
stant is obtained. In other words, this arrangement min- 
imizes the liquid crystal orientation defect attributed to 
the step caused by the presence of the projection 301 
10 to control the liquid crystal orientation defect due to the 
transverse electric field. If the pretilt angle 9 of the TN 
liquid crystal fails to match the inclination angle of the 
tapered sidewall as shown in FIG. 7(c), there occur liq- 
uid-crystal molecules 50b which rise in a direction op- 
15 posite to the direction of the remaining liquid-crystal mol- 
ecules 50a, between the projection 301 and the oppos- 
ing substrate 20. and a liquid-crystal orientation defect, 
i.e., orientation state discontinuity occurs. The light 
shield layer is preferably formed on the opposing sub- 
20 strate 20 and the TFT array substrate 10 to hide this 
area. 

[0127] Referring to FIG. 8(b), in the first embodiment, 
a liquid crystal 50' is fabricated of a VA (Vertically 
Aligned) liquid crystal, and a projection 301' may have 
25 almost no taper on the sidewall thereof. 

[0128] Specifically, referring to FIG. 3(a), the VA liquid 
crystal molecules 50a* are aligned to be vertical to the 
substrate with no voltage applied in principle, and in a 
plan view, the liquid crystal orientation is forced to be 
30 disturbed in the area where the sidewall of the projection 
301' is tapered, but if the projection 301' has almost no 
taper in the sidewall thereof, the portion of the liquid 
crystal suffering from orientation disturbance at the side- 
wall is minimized. Referring to FIG. 8(b), a good liquid 
35 crystal orientation state nearly as good as when the lay- 
er thickness 0 of the liquid crystal remains constant as 
shown in FIG. 8(a) is obtained on both a substantially 
flat portion of the pixel electrode 9a on top of the projec- 
tion 30V and on a substantially flat portion of the pixel 
do electrode 9a beside the step of the projection 301 \ 

[0129] In the above-referenced first embodiment, the 
planarizing process is performed by forming the groove 
201 and by burying the data line 6a or the like into the 
groove 201, but alternatively, the planarizing process 
45 may be performed by polishing the step on the surface 
of the second interlayer insulator 7 or 1 2 over the data 
line 6a through the CMP (Chemical Mechanical Polish- 
ing) process or an organic SOG may be used to assure 
flatness. 

so [0130] Subsequent to the planarizing process, a pro- 
jection may be partly formed in an area extending along 
the data line 6a or the scanning line 3a. In one method 
of forming the projection, an interlayer insulator is 
etched in the area thereof other than the area where the 
55 projection is to be formed. In this way, the projection is 
easily formed in the area where the transverse electric 
field is generated. 

[0131] In the above-referenced first embodiment, the 
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pixel switching TFT 30 preferably has an LDD structure 
as shown in FIG. 3, but may have an offset structure in 
which no impurity implantation is performed on the light- 
ly doped source region 1b and the lightly doped drain 
region 1c, or may have a self-aligned type TFT in which 
a high dose impurity is implanted with the gate electrode 
formed of a portion of the scanning line 3a being used 
as a mask, to form heavily doped source and drain in a 
self-alignment process. In the first embodiment, the gate 
electrode of the pixel switching TFT 30 is a single gate 
structure in which a single gate is interposed between 
the heavily doped source region 1d and the heavily 
doped drain region le, but alternatively, more than one 
gate electrode may be interposed therebetween. With 
dual gates or triple gates employed in a TFT, leakage 
currents in junctions between the channel region and 
the source region and between the channel region and 
the drain region are prevented, and thereby a current 
during off period is reduced. 

(Manufacturing process in the first embodiment) 

[01 32] A manufacturing process of the TFT array sub- 
strate constituting the electro-optical device of the first 
embodiment having the above-discussed construction 
is now discussed, referring to FIGS. 9(a) through 9(d). 
FIGS. 9(a) through 9(d) are process diagrams showing 
the layers of the TFT array substrate, corresponding to 
the cross section B-B* in FIG. 2 and the cross section 
C-C* in FIG. 2, as shown in FIG. 4 and FIG. 5. 
[0133] Referring to a step (a) of FIG. 9, the TFT array 
substrate 10, such as a quartz substrate, a hard glass 
substrate, or a silicon substrate is prepared, and the 
groove 201 is formed where the data line 6a is to be laid 
out. 

[0134] Referring to a step (b) of FIG. 9, the scan ning 
line 3a and the capacitive line 3b are formed on the TFT 
array substrate 10 using a thin-film forming technique. 
In parallel with this step, the TFT 30 and the storage 
capacitor 70 shown in FIG. 3 are formed. 
[01 35] Specifically, formed on the TFT array substrate 
10 having the groove 201 thereon is an insulator sub- 
strate 1 2 which has a thickness within a range from 500 
to 2000 nm, and is fabricated of a silicate glass film such 
as NSG, PSG, BSG, or BPSG. a silicon nitride film, or 
a silicon oxide film, using TEOS (tetraethylorthosilicate) 
gas : TEB (triethyl borate) gas, or TMOP (trimethyl phos- 
phate) gas or the like through an atmospheric CVD 
method or a reduced pressure CVD methcd. Next, an 
amorphous silicon layer is formed on top of the insulator 
substrate 12 using a reduced pressure CVD and is sub- 
jected to a heat treatment process, and a polysilicon lay- 
er is thus epitaxiaily grown in solid phase. Alternatively, 
rather than through the amorphous silicon layer, a poly- 
silicon layer is directly-formed through a reduced pres- 
sure CVD process. By subjecting the polysilicon layer 
to a photolithographic process, an etching process, etc., 
the semiconductor layer 1 a having a predetermined pat- 



tern including the first storage capacitor electrode If 
shown in FIG. 2 is formed. Through a thermal oxidation, 
the thin insulator layer 2 including the dielectric layer for 
the storage capacitor is formed along with the gate in- 

5 sulator of the TFT 30 shown in FIG. 3. As a result the 
thickness of the semiconductor layer la falls within a 
range of about 30 to 150 nm, and preferably within a 
range of about 35 to 50 nm. and the thickness of the thin 
insulator layer 2 falls within a range of about 20 to 1 50 

10 nm, and preferably within a range of 30 to 100 nm. A 
polysilicon layer having a thickness within a range of 
about 100 to 500 nm is deposited through a reduced 
pressure CVD process, and P (phosphorus) is thermally 
diffused to turn the polysilicon layer into a conductive 

is layer, and then through a photolithographic process, an 
etching process, etc., the scanning line 3a and the ca- 
pacitive line 3b having predetermined patterns shown 
in FIG. 2 are produced. The scanning line 3a and the 
capacitive line 3b may be fabricated of a metal alloy of 

20 a refractory metal or a metal silicide, or may be a multi- 
layer wiring in combination with a polysilicon film. Next, 
doping impurity at two phases of a low dose and a high 
dose produces the pixel switching TFT 30 having the 
LDD structure including the lightly doped source region 

25 1 b and the lightly doped drain region 1 c, and the heavily 
doped source region 1d and the heavily doped drain re- 
gion 1e. 

[01 36] In parallel with the step (b) of FIG. 9, TFTs con- 
stituting peripheral circuits such a data line drive circuit 
30 and a scanning line drive circuit may be formed on the 
TFT array substrate 10. 

[0137] Referring to a step (c) of FIG. 9, the interlayer 
insulator 4, fabricated of a silicate glass film such as 
NSG, PSG, BSG, or BPSG : a silicon nitride film, or a 

35 silicon oxide film, is produced using TEOS gas through 
an atmospheric CVD process or a reduced pressure 
CVD process to cover the laminate of the scanning line 
3a, the capacitive line 3b, the thin insulator layer 2 and 
the insulator substrate 1 2. The interlayer insulator 4 has 

40 a thickness within a range of 1 000 to 2000 nm. In parallel 
with or immediately subsequent to this calcination proc- 
ess, a heat treatment process may be performed at 
1000°C to activate the semiconductor layer 1 a. The con- 
tact hole 5 for electrically connecting the data line 6a 

45 shown in FIG. 3 to the heavily doped source region 1d 
of the semiconductor layer 1a is drilled in the first inter- 
layer insulator 4 and the thin insulator layer 2. and con- 
tact holes for connecting the scanning line 3a and the 
capacitive line 3b to unshown lines in the area peripheral 

SO to the substrate are also drilled at the same step as that 
for the contact hole 5. In succession, a low-resistance 
metal film of Al or the like and a metal silicide film are 
deposited to a thickness within a range of about 100 to 
500 nm on the first interlayer insulator 4 through a sput- 

ss tering process, and the data line 6a is formed through a 
photolithographic process, an etching process, and the 
like. 

[0138] Referring to a step (d) of FIG. 9, the second 



12 



23 



EP 1 079 260 A2 



24 



as a reactrve ion etching or a readme » i beam 
etehinq or a wet etching process. In succession a 
f «««nt electrically conductive layer such as an ITO 
ITer h S2£3SS*>«« within a range of about 
K 200 S .he second interlayer insulator 7 using 
^puttering step, and the pixel electrode 9a ,. formed 
trough a phonographic process, an etching pro* 
els and the like. When the electro-opt.cal dev,ce is 
TsedTs a reflective type, the pixel electrode 9a may be 
«,oH« nf a hiahlv opaque material such as ai. 
SSl ?n So'rdance with the manufacturing method 
S the Lt embodiment, the liquid-crystal dusplay device 
o he fill embodiment is relatively easily manutac urea 
herein the liquid-crystal orientation defect due totte 
step is reduced in the area where no transverse electnc 
S I generated, because the plananzing processes 
performed on the data line 6a by forming 
in the TFT array substrate 1 0 to lay the data line 6a there 
^ « ini*9 process is performed on portons 
? the scanning line 3a and the capac.tive line 3b, and 
me tauid<rystl. orientation defect due to the transverse 
reduced by the projection 301 where the 
transverse electric field is generated. 



(Second embodiment) 



r01401 The construction of the electro-optical device 
Second embodiment of the present inventroj us now 
discussed, referring to FIG. 10 through FIG . 1 4(b FIG 
10 is a plan view showing a plurahty of groups of ad a 
ent pixels on a TFT array having a data line a scan^ng 
line, a pixel electrode, etc. thereon. FIG 11 
ec ional view taken along line A-A" ,n 
is a cross-sectional view taken along line B-B in FIGL 
10 and FIG. 13 is a cross-sectional view taken along 
i^r-inFIG 10 FIGS. 1 4(a) and 14(b) are diagram- 
S n rwso°,pixe, electrodes, showing thepoten 
polarity in each pixel electrode and an area where a 
SnsveS e,ectric field is generated ', .18 ^mattng 
ririve method In FIG. 11 through FIG. 13. layers ana 
Tmber are drawn in different scales to P^enUhem 
tfstinctty visible in the figures In the second embod 
ment described with reference to FIG. 10 to Rfa- i<H°J. 

embodiment shown in FIG. 2lhrough FIG 6(b) 1 are ^des 
jgnated with the same reference numerals and the d>s 

™TT:S2^"?£^ embodiment 
E2» -hanged from that of the nrst embodiment 



where the groove 201 is formed m the area e*end«g 
^tong the data line 8a. Referring to FIG. 1 1 and FIG. 1 2 
f the second embodiment, a projection 302 is fonmed 
of the data line 6a and the storage capacitor 70 along 
s me data line 6a (in a plan view, the portion of the capac- 
3b projecting from the main line portion thereof 
and the thin insulator layer 2 and the storage capacrtor 
e££d facing the projecting portion), and as shown 
Tn FlG. 12 and FIG. 13. the planarizing process « per- 
,0 ormed on the scanning line 3a »"^«^53 
3b In the second embodiment as shown in FIGS. 14(a) 
and 1 4(b). the device is driven in the IS alternating dr,ve 
Method. The remaining construction and the opera ton 
of the second embodiment remain unchanged from 
15 those of the first embodiment. 

SSS] Vn accordance with the second embodiment, 
as shown in FIG. 14(a). during the presentat.on of an n - 
J (n is a natural number) field video signal or frame vid- 
eo signal, the polarity of the liquid-crystal dnv.ng voltage 
S o repressed by + or - in each pixel « not 

inverted, and the pixel electrodes 9a are dnven by the 
same polarity on a column by column basis. Referr.ng 
o SG P 1^during the presentation of an (^ * 
Sdeo signal or frame video signal, the polarity of the «.q- 
Z s ufd^rysL. driving potential in the pixel electrode s9 s 
inverted andduringthe presentat.on of the (n + 1)-thf.eld 
oTSme video signal, the polarity of the jJJ^JjS 
driving potential represented by + or - in each p.xel elec 
S la is not inverted, and the pixel electrodes 9a arc 
ao driven by the same polarity on a column by co umn ba 
sis The states shown in FIG. 14(a) and FIG. 14(b) are 
epeated wfth the period of field anc , frame, and I the de- 
vice is drrven in the IS alternating dnve methoc I n the 
Tmbodiment. As a result, in accordance with this em- 
3S SSm. the device is free from the 

iiquid-crysta. through the appl.cat.on of * e d J« ct ™* 
while presenting an image with reduced cross talk and 
reduced flickering. 

[0 144] Referring to FIG. 14(a) and FIG. 14(b) in the 
.o S atternating drive method, the generation area C2 of 
he transverse electric field is always located in the 
spaS between adjacent pixel electrodes 9a ,n a hor- 
izontal direction (an X direction) 

r014Sl Referring to FIG. 11 and FIG. 12, the secono 
« SnSmen, includes the projection 302 so mat the on- 
oitudinal electric field in the edge ponion of the pixel 
eS ode 9a located on the projection 302 intensifies. 
Soecifically referring to FIG. 12. the d.stance d2 be- 
22 Z edge ponion of the pixel electrode 9a located 
50 Z Z of the projection 302 and the opposing electrode 
21 iTshortened by the step (height) of the pro.ect.on 
2 302 I contrast, as shown in FIG. 13. the plananzing 
orocess is performed on the scanning line 3a and the 
ma n n of the capacitive line 3b so that the d.s*nce 
S3 d1 between the edge portion of the pixel electrode 9a 
and L opposing electrode 21 becomes approximately 
£Ji the distance 0 between the centra, area o, the 
pLl electrode 9a, which is a majority area of the pixel 



13 



25 



EP 1 079 260 A2 



26 



electrode 9a, and the opposing electrode 21. 
[0146] In the generation area C2 of the transverse 
electric field shown in FIGS. 14(a) and 14(b), the longi- 
tudinal electric field between the pixel electrode 9a and 
the opposing electrode 21 can thus be intensified. Even 
if the distance d2 is decreased as shown in FIG. 12. the 
spacing W2 between the adjacent pixel electrodes 9a 
remains unchanged, and the transverse electric field, 
which could intensify with a narrowing spacing W2, is 
also kept constant. For this reason, the longitudinal elec- 
tric field is set to be stronger relative to the transverse 
electric field in localized areas in the generation area C2 
of the transverse electric field shown in FIGS. 14(a) and 
14(b), and as a result, the longitudinal electric field be- 
comes predominant, thereby controlling the orientation 
defect of the liquid crystal in the generation area C2 ot 
the transverse electric field. 

[0147] Referring to FIG. 13 : the planarizing process 
is performed on the scanning line 3a and the capacitive 
line 3b, reducing the creation of the orientation defect 
of the liquid crystal attributed to the step, which could 
be otherwise caused by the scanning line 3a and the 
capacitive line 3b in that area. Because of the planariz- 
ing process implemented, the distance d1 between the 
pixel electrode 9a and the opposing electrode 21 is not 
decreased and the longitudinal electric field is not inten- 
sified, but no transverse electric field is created in this 
area, unlike in the spacing between the pixel electrodes 
9a as shown in FIGS. 14(a) and 14(b). Without any step 
implemented for the transverse electric field in this area, 
the planarizing process keeps the orientation state of 
the liquid crystal extremely good. Since almost no ori- 
entation defect takes place due to the step in the liquid- 
crystal layer 50 facing the scanning line 3a and the ca- 
pacitive line 3b in the second embodiment, the width of 
the light shield layer 23 for covering the area can be 
smaller than that of the light shield layer 23 in the first 
embodiment. 

[0148] In accordance with the second embodiment, 
as a result, taking advantage of the characteristics of 
the transverse electric field generated in the IS alternat- 
ing drive method, the longitudinal electric field is inten- 
sified by arranging the edge of the pixel electrode 9a on 
the projection 302 in the generation area C2 of the trans- 
verse electric field, thereby reducing the adverse effect 
of the transverse electric field, while the planarizing 
process is performed in the area where no transverse 
electric field is generated in order to reduce the adverse 
effect of the step in the pixel electrode 9a. 

(Third embodiment) 

[0149] The electro-optical device of a third embodi- 
ment of the present invention is now discussed, referring 
to FIG. 15 through FIG. 22(b). FIG. 15 is a plan view 
showing a plurality of pixel electrodes adjacent to each 
other in a TFT array substrate having a data line, a scan- 
ning line, a pixel electrode, etc. thereon, FIG. 16 is a 



cross-sectional view taken along line A-A' in FIG. 15. 
FIG. 17 is a cross-sectional view taken along line B-B* 
in FIG. 15. and FIG. 13 is a cross-sectional view taken 
along line C-C in FIG. 15. FIG. 19(a) through FIG. 20 

s (d) are cross-sectional views showing a variety of cross- 
sectional shapes of projections. FIGS. 21(a) through 21 
(c) are diagrammatic cross-sectional views showing the 
alignment states of liquid-crystal molecules when a TN 
liquid crystal is used. FIGS. 22(a) and 22(b) are dia- 

10 grammatic cross-sectional views showing alignment 
states of liquid-crystal molecules when a VA liquid crys- 
tal is used. In FIG. 16 through FIG. 18, and FIG. 19(a) 
through FIG. 20(d), layers and members are drawn in 
different scales to present them distinctly visible in the 

15 figures. In the third embodiment, components identical 
to those in the first embodiment are designated with the 
same reference numerals and the discussion therea- 
bout is net repeated here. 

[0150] In the third embodiment, a groove is formed in 
20 the spacing between pixel electrodes 9a, where the data 
line 6a. the scanning line 3a, the capacitive line 3b and 
the TFT 30 are formed, and the data line 6a. the scan- 
ning line 3a, capacitive line 3b and the TFT 30 are buried 
in the groove. 

25 [0151] In other words, the planarizing process is per- 
formed on the TFT array substrate. The opposing sub- 
strate facing the TFT array substrate, on which the 
planarizing process is performed, is furnished with a plu- 
rality of projections 303 in an area extending along the 

30 scanning line 3a and the capacitive line 3b (as repre- 
sented by solid lines as shown) in a stripe configuration. 
[0152] Referring to FIG. 16, the electro-optical device 
includes the transparent TFT array substrate 10 and the 
opposing substrate 20 facing to the TFT array substrate 

35 10. The TFT array substrate 1 0 is fabricated of a quartz 
substrate, a glass substrate, or a silicon substrate, for 
instance, and the opposing substrate 20 is fabricated of 
a glass substrate or a quartz substrate, for instance. The 
TFT array substrate 10 is provided with the pixel elec- 

40 trodes 9a. and arranged on top of ihem is an alignment 
layer 16 which has been subjected to a predetermined 
alignment process such as a rubbing process. The pixel 
electrode 9a is fabricated of a transparent, electrically 
conductive film, such as an ITO (Indium Tin Oxide) film. 

45 The alignment layer 16 is fabricated of an organic thin 
film, such as a polyimide thin film. 
[0153] The opposing substrate 20 has an opposing 
electrode 21 on the entire surface thereof, and an align- 
ment layer 22 therebeneath that has been subjected to 

50 a predetermined alignment process such as a rubbing 
process. The opposing electrode 21 is fabricated of a 
transparent, electrically conductive film : such as an ITO 
film. The alignment layer 22 is fabricated of an organic 
thin film such as a polyimide thin film. 

55 [0154] Arranged on the TFT array substrate 10 is a 
pixel switching TFT 30, adjacent to each pixel electrode 
9a. for controlling the pixel electrode 9a. 
[0155] In the third embodiment, a projection 303 
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formed of a light shield layer 23 is arranged in a non- 
aperture area ot each pixel between the opposing sub- 
strate 20 and the opposing electrode 21 as shown in 
FIG. 16. The function and advantage of the projection 
303 in the reduction of the transverse electric field will 
be discussed in detail later. The projection 303, con- 
structed of the light shield layer 23, functions as a black 
mask or a black matrix, and no incident light enters the 
channel region 1 a', a lightly doped source region 1 b, and 
a lightly doped drain region 1 c of the semiconductor lay- 
er 1a of the pixel switching TFT 30. from the opposing 
substrate 20. The projection 303 formed of light shield 
layer 23 has the function of improving a contrast ratio, 
and the function of preventing color mixing of color ma- 
terials when a color filter is produced. In the third em- 
bodiment, the data line 6a having light shield property 
and constructed of Al or the like may be used to light- 
shield the non-aperture area of each pixel to define a 
segment of the outline of the aperture area of each pixel 
along the data line 6a, and a projection 303 formed of 
the light shield layer 23 arranged on the opposing sub- 
strate 20 may redundantly or solely light-shield the non- 
aperture area along the data line 6a. 
[0156] A liquid crystal, as one example of the electro- 
optical material, is encapsulated, in a gap surrounded 
by a sealing material to be discussed later, between the 
TFT array substrate 10 and the opposing substrate 20 
arranged with the pixel electrode 9a facing the opposing 
electrode 21 , and a liquid -crystal layer 50 is thus formed. 
The liquid-crystal layer 50 takes a predetermined orien- 
tation state by the alignment layer 1 6 and the alignment 
layer 22 with no electric field applied by the pixel elec- 
trode 9a. The liquid-crystal layer 50 is formed of a mix- 
ture of one or several types of nematic liquid crystals. 
The sealing material is an adhesive agent made of a 
thermal setting agent or a photo-setting agent for bond- 
ing the TFT array substrate 1 0 to the opposing substrate 
20 along the edges thereof, and is mixed with spacers 
such as glass fiber or glass beads to keep a predeter- 
mined distance between the two substrates. 
[0157] An insulator substrate 1 2 is arranged between 
the TFT array substrate 10 and the plurality of the pixel 
switching TFTs 30. The insulator substrate 12 extends 
on the entire surface of the TFT array substrate 10, pre- 
venting irregularities during the polishing of the surface 
of the TFT array substrate 1 0 and dirt left after a clean ing 
operation, from changing the characteristics of the pixel 
switching TFT 30. The insulator substrate 12 is fabricat- 
ed of highly insulating glass such as NSG (non-doped 
silicate glass), PSG (phosphosilicate glass), BSG (boro- 
silicate glass), BPSG (borophosphosilicate glass) or a 
silicon oxide film or a silicon nitride film. 
[0158] In the third embodiment, the semiconductor 
layer 1a extends from a heavily doped drain region 1e, 
forming a first storage capacitor electrode 11, and a por- 
tion of the capacitive line 3b facing the capacitor elec- 
trode If becomes a second capacitor electrode, and a 
thin insulator layer 2 including a gate insulator extends 



from a position thereof facing the scanning line 3a, 
thereby serving as a dielectric layer interposed between 
these electrodes, and thereby producing the storage ca- 
pacitor 70. 

5 [0159] Referring to FIG. 16, the pixel switching TFT 
30 has an LDD (Lightly Doped Drain) structure, and in- 
cludes the scanning line 3a ; the channel region 1a' of 
the semiconductor layer 1 a in which a channel is formed 
by the electric field from the scanning line 3a, the thin 

to insulator layer 2 including the gate insulator for insulat- 
ing the scanning line 3a from the semiconductor layer 
1 a, the data line 6a. the tightly doped source region 1 b 
and the lightly doped drain region 1c of the semiconduc- 
tor layer 1 a, and the heavily doped source region 1 d and 

15 the heavily doped drain region le of the semiconductor 
layer 1a. A corresponding one ol the plurality of the pixel 
electrodes 9a is connected to the heavily doped drain 
region le through the contact hole 3. Formed on top of 
the scanning line 3a and the capacitive line 3b is a first 

20 interlayer insulator 4 having the contact hole 5 connect- 
ing to the heavily doped source region 1 d and the con- 
tact hole 8 connecting to the heavily doped drain region 
le. Formed on top of the data line 6a and the first inter- 
layer insulator 4 is a second interlayer insulator 7 having 

25 the contact hole 9 connecting to the heavily doped drain 
region le. The above-referenced pixel electrode 9a is 
formed on top of the second interlayer insulator 7 thus 
constructed. 

[0160] As shown in FIG. 16 and FIG. 18 : the groove 
30 201 is arranged in the area where the data line 6a, the 
scanning line 3a, the capacitive line 3b and the TFT 30 
in the TFT array substrate 10. With this arrangement, 
the planarizing process is performed on the TFT array 
substrate 10. 

35 [0161] Referring to FIG. 15 to FIG. 17. the data line 
6a is arranged in the non-aperture area of the pixel, in 
the spacing between the horizontally adjacent pixel 
electrodes 9a, and the data line 6a defines the segment 
of the outline of the aperture area of each pixel along 

ao the data line 6a, and the visible defect is prevented by 
the data line 6a in the non-aperture area. The storage 
capacitor 70 is formed beneath the data line 6a, making 
use of the projecting portion of the main line portion of 
the capacitive line 3b extending beneath the data line 

<*5 6a, and the non-aperture area is thus effectively utilized. 
[0162] Referring to FIG. 16 and FIG. 18, the scanning 
line 3a and the main line portion of the capacitive line 
3b are arranged in the non-aperture area of each pixel 
positioned in the spacing between vertically adjacent 

so pixel electrodes 9a as shown in FIG. 15. 

[0163] In the third embodiment, as shown in FIG. 15. 
no projection 301 is formed on the substrate surface be- 
neath the opposing electrode 21 in the opposing sub- 
strate 20 facing the spacing between the horizontally ad- 

55 jacent pixel electrodes 9a, and the opposing electrode 
21 is flat as shown in FIG. 17. Referring to FIG. 15, in 
contrast, the substrate surface beneath the opposing 
electrode 21 in the opposing substrate 20 facing the 
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spacing between the vertically adjacent pixel electrodes 
9a bulges in a projection as shown in FIG. 18. A projec- 
tion 303 is formed of the light shield layer 23, and the 
opposing electrode 21 projects toward the pixel elec- 
trode 9a. The projection 303 defines a segment of the s 
aperture area of each pixel electrode along the scanning 
line 3a, and the projection 303 formed of the light shield 
layer 23 prevents the visible defect through the non-ap- 
erture area. 

[0164] Referring to FIG. 16 and FIG. 18, the present ?o 
embodiment includes the projection 303 in the area ex- 
tending along the scanning line 3a so that the longitudi- 
nal electric field intensifies in the projecting portion of 
the opposing electrode 21 on the projection 303. Spe- 
cifically, referring to FIG. 16, the distance d1 between ^ 
the opposing electrode 21 arranged on the projection 
303 and the pixel electrode 9a is shortened by the step 
(height) of the projection 303. In contrast, as shown in 
FIG. 17, no projection 303 is formed in an area facing 
the data line 6a, and the distance d2 between the edge 20 
portion of the pixel electrode 9a and the opposing elec- 
trode 21 becomes approximately equal to the distance 
D between the central area of the pixel electrode 9a, 
which is a majority area of the pixel electrode 9a, and 
the opposing electrode 21 25 
[0165] In the generation area C1 of the transverse 
electric field shown in FIG. 5. the longitudinal electric 
field between the pixel electrode 9a and the opposing 
electrode 21 can thus be intensified. Even if the distance 
dl is decreased as shown in FIG. 15. the spacing W1 
between the adjacent pixel electrodes 9a remains un- 
changed, and the transverse electric field, which could 
intensify with a narrowing spacing W1 , is also kept con- 
stant. For this reason, the longitudinal electric field is set 
to be strong relative to the transverse electric field in & 
localized areas in the generation area C1 of the trans- 
verse electric field shown in FIG. 3, and as a result, the 
longitudinal electric field becomes predominant, thereby 
controlling the orientation defect of the liquid crystal in 
the generation area CI of the transverse electric field. * 
[0166] Referring to FIG. 17. no projection 303 is 
formed and the opposing electrode 21 is flat in the area 
facing the data line 6a, and the creation of the orientation 
defect of the liquid crystal attributed to the step caused 
by the presence of the projection 303 is minimized. Be- * 
cause of the flatness, the distance d2 between the pixel 
electrode 9a and the opposing electrode 21 is not de- 
creased and the longitudinal electric field is not intensi- 
fied, but no transverse electric field is created in this ar- 
ea, unlike in the spacing between the pixel electrodes 5 
9a as shown in FIG. 6. Without any step implemented 
for the transverse electric field in this area, the planariz- 
ing process keeps the orientation state of the liquid crys- 
tal extremely good. 

[0167] In accordance with the third embodiment, tak- & 
ing advantage of the characteristics of the transverse 
electric field generated in the 1H alternating drive meth- 
od, the longitudinal electric field is intensified by project- 



ing the opposing electrode 21 on the projection 303 in 
the generation area CI of the transverse electric field, 
thereby reducing the adverse effect of the transverse 
electric field with the longitudinal electric field intensi- 
fied. The opposing electrode 21 is flattened in the area 
where no transverse electric field is generated, in order 
to reduce the adverse effect of the step in the opposing 
electrode 21. In this way. the orientation defect of the 
liquid crystal resulting from the transverse electric field 
and the orientation defect of the liquid crystal resulting 
from the step are generally reduced and the projection 
303 formed of the light shield layer 23 for covering the 
orientation defect portions of the liquid crystal is reduced 
in size (however, the light shield layer 23 having a width 
slightly wider than that of the projection 303 is integrally 
formed with the projection 303 or formed of a different 
member to cover the orientation defect of the liquid crys- 
tal due to the step of the projection 303). The aperture 
ratio of each pixel is increased without creating image 
detects such as visible defect, and a high-contrast ratio, 
bright, and high-quality image is thus presented. 
[01 68] According to the study carried out by the inven- 
tors of this invention, the liquid-crystal layer 50 needs to 
have a thickness (as thick as 3 urn or so, for instance) 
to keep the light resistance thereof at a certain level, not 
to make difficult an injection process of the liquid-crystal 
layer 50, and to allow liquid-crystal molecules to well 
move in response to an electric field applied in opera- 
tion. On the other hand, the study also shows that if the 
spacing W1 (see FIG. 18) between the adjacent pixel 
electrodes 9a is set to be shorter than the distance d1 
between the pixel electrode 9a in the corresponding ar- 
ea and the opposing electrode 21 (specifically, W1 <d1 ), 
the adverse effect of the transverse electric field be- 
comes pronounced. If the thickness D (see FIG. 17 and 
FIG. 18) of the entire liquid-crystal layer 50 is merely 
thinned to achieve a high aperture ratio of fine-pitched 
pixels, a uniform control of the thickness of the liquid 
crystal will become difficult, the light resistance will drop, 
the injection process will become difficult, and the liquid 
crystal molecules will be thus subject to faulty opera- 
tions. Conversely, if the spacing W1 between the adja- 
cent pixel electrodes 9a is merely decreased without 
thinning the liquid-crystal layer 50 to achieve a high ap- 
erture ratio of the fine-pitched pixels, the transverse 
electric field will intensify relative to the horizontal elec- 
tric field, and the adverse effect (i.e.. the orientation de- 
fect) of the liquid crystal due to the transverse electric 
field will become pronounced. 

> Considering these properties of the liquid-crystal display 
apparatus, as in the embodiment discussed above, the 
thickness d1 of the liquid-crystal layer 50 is decreased 
(to I.Sumor so, for instance) in only the area where the 
transverse electric field is generated while the thickness 

> D of the liquid-crystal layer 50 in the remaining area, 
which occupies the majority of the pixel electrode 9a, is 
not decreased, and the transverse electric field is not 
intensified. Since the spacing W1 between the adjacent 
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pixel electrodes 9a is narrowed, this arrangement works 
effectively, achieving a high aperture ratio in the fine- 
pitched pixels and presenting a high-definition image. 
[0169] Referring to FIG. 18, in the third embodiment 
in particular, the pixel electrodes 9a are preferably two- 
dimensionally arranged to hold the relationship of 0.5D 
< W1. and the projection 303 is formed to satisfy the 
relationship of d1 +300 nm (nanometer) < D. Specifically, 
if the pixel electrodes 9a are arranged to be not too close 
to each other, and the projection 303 is formed to have 
a step of 300 nm or larger the longitudinal electric field 
in this area is intensified relative to the transverse elec- 
tric field to the degree that the adverse effect of the 
transverse electric field is not pronounced. Although de- 
creasing the spacing W1 and the spacing W2 to be as 
small as possible is effective to achieve a high aperture 
ratio in the fine-pitched pixels and to present a high def- 
inition image, the spacing W1 cannot be limitlessly de- 
creased in an effort to keep the adverse effect of the 
transverse electric field contained. If the spacing W1 is 
decreased to be nearly equal to d1 , a high aperture ratio 
of the fine-pitched pixels is most effectively achieved 
without degrading the quality of the image. 
[0170] The above-referenced projection 303 is 
formed making use of the light shield layer 23, but alter- 
natively a projection forming film fabricated cf an organic 
film or resist may be added between the opposing sub- 
strate 20 and the opposing electrode 21 in localized ar- 
eas in a lamination process. The cross-sectional shape 
of the projection 303 perpendicular to the length direc- 
tion of the projection may be any of a variety of shapes, 
such as a trapezoid, a triangle, a semi-circie 5 a semi- 
ellipsoid, a semi-circle or semi-ellipsoid having a flat- 
tened top surface, a quadratic curve with the gradient 
thereof increasing as it rises, a cubical curve outline hav- 
ing an approximate trapezoidal shape, or a cubical 
curve outline having an approximate triangular shape. 
In practice, the cross-sectional shape may be appropri- 
ately determined to minimize the orientation defect of 
the liquid crystal resulting from the step in accordance 
with the property of the liquid crystal. Since the formation 
of the projection 303 creates the orientation defect due 
to the step, the light shield layer 23 having a width slight- 
ly wider than that of the projection 303 is preferably ar- 
ranged between the projection 303 and the opposing 
substrate 20 or between the projection 303 and the pixel 
electrode. 

[0171] The projection 303, having a triangular cross- 
sectional shape in a plane perpendicular to the longitu- 
dinal direction thereof, may be formed of the light shield 
layer 23 as shown in FIG. 19(a) ; or the projection 303 
may be formed of a projection forming film 313, con- 
structed of a resist or an organic film, on the light shield 
layer 23 having a width slightly wider than that of the 
projection 303 as shown in FIG. 19(b), or the projection 
303 may be formed by forming the projection forming 
film 313. fabricated of a resist or an organic film, on the 
opposing substrate 20 and by covering the film 31 3 with 



the light shield layer 23 having a width slightly wider than 
that of the projection 303 as shown in FIG. 19(c), or the 
projection 303 may be formed by forming, on the oppos- 
ing substrate 20. a projection forming film 31 3, which is 
5 fabricated of a resist or an organic film, and which is not 
followed by the covering of the light shield layer as 
shown in FIG. 1 9(d) (in this case, a light shield layer for 
covering this area is formed on the TFT array substrate). 
[0172] The cross-sectional shape of the projection 
10 303, sectioned in a plane perpendicular to the longitu- 
dinal direction thereof, may be rectangular as shown in 
FIG. 20(a), may be semicircular as shown in FIG. 20(b), 
may be trapezoidal as shown in FIG. 20(c), or may be 
substantially trapezoidal as shown in FIG. 20(d). The 
75 laminate structures shown in FIG. 20(a) through FIG. 20 
(d) are formed by forming the projection 303 on the light 
shield layer 23 arranged on the opposing substrate 20 
in the same manner as shown in FIG. 19(a). Any of the 
laminate structures shown in FiG. 19(a) through FIG. 19 
20 (d) may be employed. Since a color filter, a protective 
film, an insulator, or the like can be arranged on the op- 
posing substrate 20. variations are possible in the actual 
laminate structure. 

[0173] Referring to FIG. 21(b), the liquid-crystal layer 
25 50 is preferably fabricated of a TN liquid crystal in the 
third embodiment, and the projection 303 has a tapered 
side wall. The pretilt angle 9 of the TN liquid crystal in 
the opposing substrate 20 is set to match the inclination 
angle of the tapered sidewall. 
30 [0174] Specifically, as shown in FIG. 21(a), in princi- 
ple, the liquid-crystal molecules 50a of the TN liquid 
crystal are aligned to be substantially in parallel with the 
substrate with no voltage applied, while gradually being 
twisted toward the opposing substrate 20 from the TFT 
35 array substrate 10, and with a voltage applied, the liquid- 
crystal molecules 50a are aligned to be vertical to the 
substrate surlace as represented by arrows. Referring 
to FIG. 21(b), the sidewall of the projection 303 is ta- 
pered, and the inclination angle of the tapered sidewall 
40 is set to match the pretilt angle e of the TN liquid crystal, 
and even if the thickness dl of the liquid crystal gradu- 
ally decreases between the projection 303 and the op- 
posing substrate 20. a good liquid-crystal orientation 
state as good as when the layer thickness O of the liquid 
45 crystal remains constant is obtained, in other words, this 
arrangement minimizes the liquid crystal orientation de- 
fect attributed to the step caused by the presence of the 
projection 303 to control the liquid crystal orientation de- 
fect due to the transverse electric field. If the pretilt angle 
so 9 of the TN liquid crystal fails to match the inclination 
angle of the tapered sidewall as shown in FIG. 21(c). 
there occur liquid-crystal molecules 50b which rise in a 
direction opposite to the direction of the remaining liq- 
uid-crystal molecules 50a. between the projection 303 
55 and the TFT array substrate 1 0. and a liquid-crystal ori- 
entation defect of orientation state discontinuity occurs. 
In such a case, the light shield layer is preferably formed 
on at least one of the opposing substrate 20 and the TFT 
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array substrate 10 to control visible defect. 
[0175] Referring to FIG". 22(b), in the third embodi- 
ment, a liquid crystal 50* islabricated of a VA liquid crys- 
tal, and a projection 303* may have almost no taper on 
the sidewail thereof. 

[0176] Specifically, referring to FIG. 22(a), the VA liq- 
uid crystal molecules 50a* are aligned to be vertical to 
the substrate with no voltage applied, and in a plan view, 
the liquid crystal orientation is forced to be disturbed in 
the area where the sidewail of the projection 303* is ta- 
pered, but if the projection 303' has almost no taper in 
the sidewail thereof, the portion of the liquid crystal suf- 
fering from orientation disturbance at the sidewail is min- 
imized. Referring to FIG. 22(b), a good liquid crystal ori- 
entation state nearly as good as when the layer thick- 
ness D of the liquid crystal remains constant as shown 
in FIG. 22(a) is obtained on both a substantially flat por- 
tion of the pixel electrode 9a on top of the projection 303' 
and on a substantially flat portion of the pixel electrode 
9a beside the step of the projection 303*. 
[0177] In the above-referenced third embodiment, the 
planarizing process is performed by forming the groove 
201 in the TFT array substrate 10 and by burying the 
scanning line 3a or the like into the groove 201. but al- 
ternatively, the planarizing process may be performed 
by polishing the step on the surface of the second inter- 
layer insulator 7 or 1 2 over the scanning line 3a through 
the CMP (Chemical Mechanical Polishing) process or 
an organic SOG may be used to assure flatness. 
[0178] Subsequent to the planarizing process, a pro- 
jection may be partly formed in an area extending along 
the data line 6a or the scanning line 3a. In one method 
of forming the projection, an interlayer insulator is 
etched in the area thereof other than the area where the 
projection is to be formed. In this way, the projection is 
easily formed in the area where the transverse electric 
field is generated, in the generation area of the trans- 
verse electric field, the projections may be formed on 
both the TFT array substrate 10 and the opposing sub- 
strate 20. 

[0179] In the above-referenced third embodiment, the 
pixel switching TFT 30 preferably has an LDD structure 
as shown in FIG. 3, but may have an offset structure in 
which no impurity implantation is performed on the light- 
ly doped source region 1b and the lightly doped drain 
region !e, or may have a self-aligned type TFT in which 
a high dose impurity is implanted with the gate electrode 
formed of a portion of the scanning line 3a being used 
as a mask, to form a heavily doped source and drain in 
a self-alignment process. In the third embodiment, the 
gate electrode of the pixel switching TFT 30 is a single 
gate structure in which a single gate is interposed be- 
tween the heavily doped source region 1 d and the heav- 
ily doped drain region le, but alternatively, more than one 
gate electrode may be interposed therebetween. With 
dual gates or triple gates employed in a TFT, leakage 
currents in junctions between the channel region and 
the source region and between the channel region and 



the drain region are prevented, and thereby a current 
during an off period is reduced. 

(Manufacturing process of the third embodiment) 

5 

[0180] A manufacturing process of the TFT array sub- 
strate side constituting the electro-optical device of the 
third embodiment having the above-discussed con- 
struction is now discussed, referring to FIGS. 23(a) 
io through 23(d). FIGS. 23(a) through 23(d) are process 
diagrams showing the layers of the TFT array substrate, 
corresponding to the cross section C-C in FIG. 15, as 
shown in FIG. 16. 

[0181] Referring to a step (a) of FIG. 23, the opposing 

15 substrate 20, such as a glass substrate or a quartz sub- 
strate, having no particular defined shape, is prepared. 
[0182] Referring to a step (b) of FIG. 23, a light shield 
layer 23\ such as an organic film or a metal film, is 
formed to a thickness of approximately 300 nm. 

20 [0183] Referring to a step (c) of FIG. 23, the projection 
303 is formed as a band-like light shield layer 23 in the 
area where the transverse electric field is generated, by 
a patterning technique through the photolithographic 
process and the etching process. 

25 [0184] Referring to a step (d) of FIG. 23, the opposing 
electrode is formed of a transparent, electrically conduc- 
tive film such as an ITO {Indium Tin Oxide) film on top 
of the projection 303, and the alignment layer 22 made 
of an organic film such as a polyimide thin film is depos- 

30 ited and is rubbed in a predetermined direction. 

[0185] The projection 303 may be formed of the light 
shield layer through a printing technique, rather than us- 
ing the step (b) and the step (c). 

[0186] A liquid-crystal display device, which reduces, 

35 through the projection 303, the liquid-crystal orientation 
defect through the transverse electric field in the gener- 
ation area of the transverse electric field, is easily man- 
ufactured in accordance with the manufacturing method 
of the third embodiment. 

40 [0187] The specific plan layout of the projection 303 
and the light shield layer formed on the opposing sub- 
strate 20 in the third embodiment is discussed, referring 
to FIG. 24(a) through FIG. 25(b). In these specific ex- 
amples, the spacing between the pixel electrodes 9a ex- 

45 tending in the Y direction aicng the data line 6a is light- 
shielded by the data line 6a on the TFT array substrate 
10, and the spacing between the pixel electrodes 9a ex- 
tending in the X direction along the scanning line 3a is 
light-shielded by the light shield layer on the opposing 

50 substrate 20. 

[0188] Referring to FIG. 24(a), a projection 303a and 
a light shield layer 23a may be formed in stripes which 
extend in the X direction straddling a plurality of the pixel 
electrodes 9a. Referring to FIG. 24(b), the projection 

55 303a may be formed in stripes which extend in the X 
direction straddling a plurality of the pixel electrodes 9a. 
and the light shield layer 23b may be formed in islands 
respectively for the pixel electrodes 9a. Referring to FIG. 
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25(a), a projection 303b may be formed in islands re- 
spectively for the pixel electrodes 9a while the light 
shield layer 23a may be formed in stripes which extend 
in the X direction straddling a plurality of the pixel elec- 
trodes 9a. Alternatively, referring to FIG. 25(b), a pro- 
jection 303b and a light shield layer 23b may be formed 
in islands respectively for the pixel electrodes 9a. In any 
case shown in FIG. 24(a) through FIG. 25(b), the use of 
the projection 303a or 303b intensifies the longitudinal 
electric field in the area where the transverse electrode 
field is generated. At the same time, the light shield lay- 
ers 23a and 23b cover the orientation defect due to the 
presence of the projections 303a and 303b. 
[0189] A liquid-crystal display device having a high- 
aperture ratio and a high pixel electrode pitch is thus 
provided by arranging the layout of the projection and 
the light shield layer on the opposing substrate in the 
area where the transverse electric field is generated. 

(Fourth embodiment) 

[0190] The electro-optical device ot a fourth embodi- 
ment of the present invention is now discussed, referring 
to FIG. 26 through FIG. 29. FIG. 26 is a plan view show- 
ing a plurality of pixel electrodes adjacent to each other 
in a TFT array substrate having a data line, a scanning 
line, a pixel electrode, etc. thereon, FIG. 27 is a cross- 
sectional view taken along line A-A' in FIG. 26, FIG. 28 
is a cross-sectional view taken along line B-B' in FIG. 
26, and FIG. 29 is a cross-sectional view taken along 
line C-C' in FIG. 26. In FIG. 27 through FIG. 29, layers 
and members are drawn in different scales to present 
them distinctly visible in the figures. In the fourth em- 
bodiment shown in FIG. 26 through FIG. 29, compo- 
nents identical to those described in connection with the 
third embodiment shown in FIG. 15 through FIG. 18 are 
designated with the same reference numerals, and the 
discussion thereabout is not repeated. 
[0191] In contrast to the third embodiment shown in 
FIG. 14 through FIG. 16 in which the projection 303 is 
formed along the scanning line 3a, a projection 304 is 
formed on the opposing substrate 20 in an area along 
the data line 6a (as represented by solid lines in FIGS. 
14(a) and 14(b)). Since the data line 6a functions as a 
light shield layer in this case, the projection 304 may be 
formed of the light shield layer, or a transparent layer. 
Referring to FIG. 27 and FIG. 29, the opposing substrate 
20 is flat in an area thereof facing the scanning line 3a 
and the main line portion of the capacitive line 3b. The 
light shield layer 23 is formed in the area of the opposing 
substrate 20 facing the scanning line 3a and the main 
line portion of the capacitive line 3b, and defines the seg- 
ment of the aperture area of each pixel electrode run- 
ning at least along the scanning line 3a. The light shield 
layer 23 may be formed on the opposing substrate 20 
in an area along the data line 6a. In the fourth embodi- 
ment shown in FIG. 14, the electro-optical device is driv- 
en in the IS alternating drive method. The remaining 



construction and operation of the fourth embodiment re- 
main unchanged from those of the third embodiment. 
[0192] In accordance with the fourth embodiment, as 
shown in FIG. 14(a) : during the presentation of an n-th 

5 (n is a natural number) field video signal or frame video 
signal, the polarity of the liquid-crystal driving voltage 
represented by + or - in each pixel electrode 9a is not 
inverted, and the pixel electrodes 9a are driven by the 
same polarity on a column by column basis. Referring 

io to FIG. 1 4(b), during the presentation of an (n+1 )-th field 
video signal or frame video signal, the voltage polarity 
of the liquid-crystal driving voltage in the pixel elec- 
trodes 9a is inverted, and during the presentation of the 
(n+1)-th field or frame video signal, the polarity of the 

15 liquid-crystal driving voltage represented by + or - in 
each pixel electrode 9a is not inverted, and the pixel 
electrodes 9a are driven by the same polarity on a col- 
umn by column basis. The states shown in FIG. 14(a) 
and FIG. 14(b) are repeated with the period of field and 

20 frame, and the device is driven in the 1 S alternating drive 
method in the fourth embodiment. As a result, in accord- 
ance with the fourth embodiment, the device is free from 
the degradation of the liquid -crystal through the appli- 
cation of the direct current while presenting an image 

25 with reduced cross talk and reduced flickering. 

[0193] Referring to FIG. 14(a) and FIG. 14(b), in the 
IS alternating drive method, the generation area C2 of 
the transverse electric field is always located in the 
spacing between adjacent pixel electrodes 9a in a hor- 

30 izontal direction (an X direction). 

[0194] Referring to FIG. 27 and FIG. 23 : the fourth 
embodiment includes the projection 304 to project the 
opposing electrode 21 on the projection 304 to intensify 
the longitudinal electric field. Specifically, referring to 

35 FIG. 2S, the distance d2 between the opposing elec- 
trode 21 on the projection 304 and the pixel electrode 
9a is shortened by the step (height) of the projection 
304. In contrast, as shown in FIG. 29, the opposing sub- 
strate 20 is flat in the area facing the scanning line 3a 

40 and the capacitive line 3b, and the distance d1 between 
the opposing electrode 21 and the pixel electrode 9a is 
approximately equal to the distance D between the cen- 
tral area of the pixel electrode 9a and the opposing elec- 
trode 21. 

45 [0195] In the generation area C2 of the transverse 
electric field shown in FIG. 14, the longitudinal electric 
field between the pixel electrode 9a and the opposing 
electrode 21 is thus intensified. Even if the distance d2 
is decreased as shown in FIG. 12, the spacing W2 be- 

50 tween the adjacent pixel electrodes 9a remains un- 
changed, and the transverse electric field, which could 
intensify with a narrowing spacing W2, also remains 
constant. For this reason, the longitudinal electric field 
is set to be stronger relative to the transverse electric 

55 field in localized areas in the generation area C2 of the 
transverse electric field shown in FIG. 14. and as a re- 
sult, the longitudinal electric field becomes predomi- 
nant, thereby controlling the orientation defect of the liq- 
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uid crystal in the generation area C2 of the transverse 
electric field. 

[0196] Since the opposing substrate 20 is flat in the 
area facing the scanning line 3a and the capacitive line 
3b as shown in FIG. 29. the creation of the orientation 
defect of the liquid crystal attributed to the step caused 
by the presence of the projection 304 in that area is min- 
imized. Because of the flatness, the distance d1 be- 
tween the pixel electrode 9a and the opposing electrode 
21 is not decreased and the longitudinal electric field is 
not intensified, but no transverse electric field is created 
in this area, unlike in the spacing between the pixel elec- 
trodes 9a as shown in FIGS. 1 4. Without any step im- 
plemented for the transverse electric field in this area, 
the pianarizing process keeps the orientation state of 
the liquid crystal extremely good. Since almost no ori- 
entation defect takes place due to the step in the liquid- 
crystal layer 50 facing the scanning line 3a and the ca- 
pacitive line 3b in the fourth embodiment, the width of 
the light shield layer 23 for covering the area can be 
smaller than that of the light shield layer 23 in the third 
embodiment. 

[0197] In accordance with the fourth embodiment, as 
a result, taking advantage of the characteristics of the 
transverse electric field generated in the IS alternating 
drive method, the longitudinal electric field is intensified 
by arranging the edge of the pixel electrode 9a on the 
projection 304 in the generation area C2 of the trans- 
verse electric field, thereby reducing the adverse effect 
of the transverse electric field, while the pianarizing 
process is performed in the area where no transverse 
electric field is generated, reducing the adverse effect 
of the step in the pixel electrode 9a. 
[0198] Besides the formation cf the projection 303 or 
304 on the opposing substrate 20 in the third embodi- 
ment and the fourth embodiment, the substrate surface 
beneath the pixel electrode 9a on the TFT array sub- 
strate 10 may be raised in a projection in an area cov- 
ering the scanning line 3a and the capacitive line 3b or 
the data line 6a. Since the distance between the pixel 
electrode 9a and the opposing electrode 21 is shortened 
in the area where the transverse electric field is gener- 
ated, the advantages as those of the preceding embod- 
iments are provided. A partial pianarizing process may 
be performed on the data line 6a. the scanning line 3a, 
the capacitive line 3b, and TFT 30. For instance, these 
lines may be buried in a groove formed in the TFT array 
substrate 10 or the interiayer insulator to form a projec- 
tion at a desired location to a desired height 

(Fifth embodiment) 

[0199] The construction of the electro-optical device 
of a fifth embodiment of the present invention is now dis- 
cussed, referring to FIG. 30. FIG. 20 is a cross-sectional 
view showing a portion of the electro-optical device 
where a scanning line and a capacitive line run. Com- 
ponents identical to those described in connection with 



the first embodiment are designated with the same ref- 
erence numerals, and the discussion thereabout is not 
repeated. 

[0200] Referring to FIG. 30, the fifth embodiment in- 
5 eludes the capacitive line 3b which is located above the 
scanning line 3a with the first interiayer insulator 4 inter- 
posed therebetween, in contrast to the first embodi- 
ment, where the scanning line 3a and the capacitive line 
3b are formed of the same layer as lines running in a 
10 close range. A first capacitor electrode 62 is separated 
from the capacitive line 3b by an insulating thin film 61, 
thus forming a storage capacitor 70. The capacitive line 
3b, fabricated of a refractory metal, light-shields the ca- 
pacitive line 3b. 
15 [0201] A projection 305 is formed on top of the capac- 
itive line 3b to intensify the longitudinal electric field in 
the vicinity of the edge of the pixel electrode 9a on the 
projection 305. 

[0202] Alternatively, the capacitive line 3b may be ar- 
20 ranged beneath the scanning line 3a with an interiayer 
insulator interposed therebetween. 

(Sixth embodiment) 

25 [0203] The construction of the electro-optical device 
of a sixth embodiment of the present invention is now 
discussed, referring to FIG. 31. FIG. 31 is a cross-sec- 
tional view showing a portion of the electro-optical de- 
vice where a scanning line and a capacitive line run. 

30 Components identical to those described in connection 
with the first embodiment are designated with the same 
reference numerals, and the discussion thereabout is 
not repeated. 

[0204] Referring to FIG. 31 , the sixth embodiment in- 
35 eludes a projection 306 arranged on the TFT array sub- 
strate 10 and a projection 307 arranged on the opposing 
substrate 20 to thin the thickness D of the liquid crystal. 
The constructions of the projections 306 and 307 are 
respectively identical to those of the projection 301 in 
40 the first embodiment and the projection 303 in the third 
embodiment. The mutually facing projections 306 and 
307 intensifies the longitudinal eiectric fieid in the vicinity 
of the edge of the pixel electrode arranged on the pro- 
jection 306. 

45 [0205] Although the projections 306 and 307 are ar- 
ranged to mutually face each other the two projections 
may be arranged out of alignment with each other. 
[0206] In the present invention, the polarity of the driv- 
ing voltage may be inverted every row, or every two ad- 

50 jacent rows, or every plural number of adjacent rows in 
the 1H alternating drive method. Similarly, the polarity 
of the driving voltage may be inverted every column, or 
every two adjacent columns, or every plural number of 
adjacent columns in the IS alternating drive method. 

55 

(General construction of the electro-optical device) 
[0207] The general construction of the electro-optical 
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device of the above embodiments is now discussed, re- 
ferring to FIG. 32 and FIG. 33. FIG. 32 is a plan view of 
the TFT array substrate 10 with components arranged 
thereon, viewed from the opposing substrate 20, and 
FIG. 33 is a cross-sectional view taken along line H-K 
in FIG. 32. 

[0208] Referring to FIG. 32, the TFT array substrate 
10 is provided with a sealing material 52 along the edge 
thereof, and a frame 53. fabricated of the same material 
as that of the light shield layer 23, or fabricated of a dif- 
ferent material, extends along the internal edge of the 
sealing material 52, defining the peripheral outline of an 
image display area. A data line drive circuit 101 for driv- 
ing the data line 6a by supplying the data line 6a with a 
video signal at a predetermined timing : and external cir- 
cuit interconnect terminals 1 02 are arranged on one side 
of the TFT array substrate 1 0, external to the area of the 
sealing material 52. Scanning line drive circuits 104 for 
driving the scanning line 3a by supplying the scanning 
line 3a with a scanning signal at a predetermined timing 
is arranged on two sides of the first side of the TFT array 
substrate 10. If a delay in the scanning signal supplied 
to the scanning line 3a presents no problem, the scan- 
ning line drive circuit 104 may be mounted on one side 
only. Data line drive circuits 101 may be arranged on 
both sides of the image display area. For instance, odd 
data lines may be supplied with the video signal by the 
data line drive circuit arranged on one side of the image 
display area, and even data lines may be supplied with 
the video signal by the data line drive circuit arranged 
on the opposite side of the image display area. If the 
data lines 6a are driven in an interdigital fashion in this 
way, the area occupied by the data line drive circuits 101 
is expanded, and a complex circuit may be incorporated 
therewithin. Arranged on the remaining one side of the 
image display area of the TFT array substrate 10 is a 
plurality of lines 105 for connecting the scanning line 
drive circuits 104 mounted on both sides of the image 
display area. A conductive material 106 for electrically 
connecting the TFT array substrate 10 to the opposing 
substrate 20 is mounted at least one corner of the op- 
posing substrate 20. Referring to FIG. 33, the opposing 
substrate 20 having almost the same outline as that of 
the sealing material 52 shown in FIG. 32 is bonded to 
the TFT array substrate 10 through the sealing material 
52. 

[0209] Besides the data line drive circuits 101 and the 
scanning line drive circuit 104, the TFT array substrate 
10 may be provided with a sampling circuit for applying 
the video signal to the plurality of the data lines 6a at a 
predetermined timing, a precharge circuit for supplying 
a precharge signal at a predetermined voltage level to 
the plurality of the data lines 5a prior to the application 
of the video signal, and a test circuit for checking the 
quality and defects of the electro-optical device in the 
middle of the production or at the shipment thereof. 
[0210] In each of the above-referenced embodi- 
ments, the data line drive circuit 101 and the scanning 



line drive circuit 104 may be electrically and mechani- 
cally connected to a driver LSI mounted on a TAB (Tape 
Automated Bonding) board, through an anisctropically 
electrically conductive film arranged about the TFT ar- 

5 ray substrate 10, rather than mounting the data line drive 
circuit 101 and the scanning line drive circuit 104 on the 
TFT array substrate 10. Arranged on the light incident 
side of the opposing substrate 20 and the light exit side 
of the TFT array substrate 10 are respectively polarizer 

io films, retardation films, and polarizers in predetermined 
directions to work with operation modes such as a TN 
mode, a VA mode, a PDLC (Polymer Dispersed Liquid 
Crystal) mode, and normally white mode/normally black 
modes. 

15 [0211] When the electro-optical device of each of the 
above embodiments is incorporated in a projector, three 
panels of the electro-optical devices are used as RGB 
light valves, and each light valve receives the respective 
color light separated through RGB color separating di- 

20 chroic mirrors. In each of the above embodiments, the 
opposing substrate 20 is not equipped with no color fil- 
ter. Optionally, an RGB color filter may be arranged in a 
predetermined area facing the pixel electrode 9a having 
no light shield layer 23 : on the opposing substrate 20 

ss along with a protective film. In this way, the electro-op- 
tical device of each embodiment finds applications in a 
direct viewing or reflective type color electro-optical de- 
vice, besides the liquid-crystal projector. 
[0212] In each of the above embodiments, a light 

30 shield layer fabricated of a refractory metal may be 
mounted on the TFT array substrate 1 0 in a position fac- 
ing the pixel switching TFT 30 (i.e., beneath the TFT). 
The light shield layer mounted beneath the TFT 30 pre- 
vents a rear surface reflection (returning light) from the 

35 TFT array substrate 1 0, or prevents projection light com- 
ing in from another electro-optical device penetrating a 
prism from entering the TFT 30 of the electro-optical de- 
vice when a plurality of liquid-crystal devices are com- 
bined through prisms or the like. Microlenses may be 
arranged on the opposing substrate 20 on a one micro- 
iens to one pixel basis. A color filter may be arranged 
on the underside of the RGB pixel electrode 9a on the 
TFT array substrate 10 using color resist. In this way, 
condensation efficiency of the incident light is increased, 

^5 and an electro-optical device providing a bright image 
results. By laminating interference layers having differ- 
ent refractive indexes on the opposing substrate 20, a 
dichroic filter for creating the RGB colors is formed tak- 
ing advantage of interference of light. The opposing sub- 

so strate with such a dichroic filter makes an even brighter 
electro-optical device. 

(Construction of the electronic equipment) 

55 [0213] FIG. 34 shows electronic equipment incorpo- 
rating the liquid-crystal device of each of the above em- 
bodiments, and includes a display information output 
source 1000, a display information processing circuit 
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1002. a display drive circuit 1004, an electro-optical de- 
vice 100 such as a liquid-crystal display device, a clock 
generator circuit 1008 t and a power source circuit 1010. 
The display intormation output source 1000 includes a 
memory, such as a ROM or a RAM and a tuning circuit 
for outputting a video signal by tuning to the video signal 
in response to a clock signal from the clock generator 
circuit 1008. The display information processing circuit 
1002 processes display information and outputs the 
processed display information in response to a clock 
signal from the clock generator circuit 1 008. The display 
information processing circuit 1002 includes a variety of 
known processing circuits such as an amplifier and po- 
larity reversal circuit, a serial -to-parallel converter cir- 
cuit, a rotation circuit, a gamma correction circuit, and a 
clamp circuit. The display drive circuit 1004, including a 
scanning drive circuit and a data drive circuit, drives the 
liquid-crystal display panel 100. The power source cir- 
cuit 1010 supplies power to each of the above units. 
[0214] As examples of the electronic equipment hav- 
ing the above construction, FIG. 35 shows a projection- 
type display apparatus and FIG. 36 shows a multimedia 
personal computer (PC) or an engineering workstation 
(EWS). 

[0215] FIG. 35 shows the general construction of the 
major components of the projection -type display appa- 
ratus. There are shown a light source 1102, a dichroic 
mirror 1108, a reflective mirror 1106, an entrance lens 
1122, a relay lens 1123, an exit lens 1124, liquid-crystal 
light modulators 100R 5 100G, and 100B, a cross -dich- 
roic prism 1112, and a projection lens 1114. The light 
source 1 1 02 is composed of a lamp such as a metal hal- 
ide lamp and a reflector for reflecting light from the lamp. 
The blue-light and green-light reflecting dichroic mirror 
1 108 transmits red light out of the luminous flux from the 
light source 1102 while reflecting blue light and green 
light. The transmitted red light is reflected from the re- 
flective mirror 1106, and is incident on the red-color liq- 
uid-crystal light modulator 100R. The green light of light 
rays reflected from Ihe dichroic mirror 1108 is reflected 
from a green-light reflecting dichroic mirror 1108. and is 
incident on the green-light liquid-crystal light modulator 
1 00G. The blue light is then transmitted through the sec- 
ond dichroic mirror 1108. Light guide means 1121, in- 
cluding a relay lens system composed of the entrance 
lens 1122, the relay lens 1123. the exit lens 1124. is ar- 
ranged for the blue light to avoid light loss in a long light 
path thereof, and via the light guide means 1121, the 
blue light is incident on the blue-light liquid-crystal light 
modulator 100B. Three color light rays modulated 
through the light modulators are incident on the cross- 
dichroic prism 1112. This prism is constructed by gluing 
four right-angle prisms with a red-light reflecting dielec- 
tric multilayer film and a blue-light reflecting dielectric 
multilayer film interposed between interfaces thereof in 
a cross configuration. These dielectric multilayer films 
synthesize the three color light rays to form light indicat- 
ing a color image. The projection lens 1 1 1 4 constituting 



a projection optical system projects the synthesized light 
onto a screen, thereby enlarging and displaying the im- 
age on a screen 1120. 

[0216] The personal computer 1 200 shown in FIG. 36 
5 includes a main unit 1204 provided with a keyboard 
1202, and a liquid-crystal display screen 1206. which is 
the electro-optical device. 

[0217] The present invention is not limited to the 
above embodiments, and changes are possible within 
to the scope of the claims and the specification, and the 
method for the electro-optical device incorporating such 
changes and the electro-optical device fall within the 
technical scope of the present invention. 

15 

Claims 

1. An electro-optical device comprising: 

20 a first substrate having a plurality of pixel 

electrodes ; 

a second substrate having an opposing elec- 
trode facing the pixel electrodes; and an elec- 
tro-optical material interposed between the first 

25 substrate and the second substrate, 

wherein the thickness of the electro-optical ma- 
terial between the adjacent pixel electrodes 
which are driven by mutually opposite polarity 
voltages is set to be thinner than the thickness 

30 of the electro-optical material between the ad- 

jacent pixel electrodes which are driven by the 
same polarity voltages. 

2. The electro-optical device according to Claim 1, 
35 wherein the pixel electrodes are driven in an alter- 
nating drive manner on a row by row basis or on a 
column by column basis. 

3. The electro-optical device according to Claim 2, 
40 wherein the thickness of the electro-optical material 

between pixel electrodes aligned in perpendicular 
to a row or a column of the pixel electrodes which 
is driven in an alternating drive manner is set to be 
thinner than the thickness of the electro-optical ma- 
teriai between pixel electrodes aligned with the row 
or the column of the pixel electrodes which is driven 
in an alternating drive manner. 

4. The electro-optical device according to Claim 1. 
50 wherein the first substrate comprises a plurality of 

projections formed beneath the pixel electrodes in 
a position corresponding to the spacing between 
the adjacent pixel electrodes which are driven by 
the mutually opposite polarity voltages. 

55 

5. The electro-optical device according to Claim 4. 
wherein the projections are formed by laminating an 
insulating layer and a wiring layer on the first flat 
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substrate. 

6. The electro-optical device according to Claim 4. 
wherein the edge portion of each of the adjacent 
pixel electrodes is positioned on top of the projec- 
tions. 

7. The electro-optical device according to Claim 6, 
wherein the spacing between the edges of the ad- 
jacent pixel electrodes is approximately equal to the 
distance between the opposing electrode on the 
second substrate and the edge portion of the pixel 
electrode. 

a The electro-optical device according to Claim 4, 
wherein the electro-optical material is a twisted 
nematic liquid crystal, and 

the projections comprise an inclined sidewall, 
and 

the pretiit angle of the twisted nematic liquid 
crystal is equal to the inclination angle of the 
inclined sidewall of the projections. 

9. The electro-optical device according to Claim 4, 
wherein the electro-optical material is a vertically 
aligned liquid crystal, and 

the projections comprise a sidewall substan- 
tially perpendicular to the surface of the first sub- 
strate. 

10. The electro-optical device according to Claim 1, 
wherein the second substrate comprises a plurality 
of projections formed beneath the opposing elec- 
trode in a position corresponding to the spacing be- 
tween the adjacent pixel electrodes which are driv- 
en by the mutually opposite polarity voltages. 

11. The electro-optical device according to Claim 10, 
wherein the projections form a light shield layer. 

12. The electro-optical device according to Claim 10, 
wherein the edge portion of each of the adjacent 
pixel electrodes is positioned below the projections 
in level. 

13. The electro-optical device according to Claim 12, 
wherein the spacing between the edges of the ad- 
jacent pixel electrodes is approximately equal to the 
distance between the opposing electrode on the 
second substrate and the edge portion of the pixel 
electrode. 

14. The electro-optical device according to Claim 6 or 
Claim 12, wherein the spacing between the edges 
of the adjacent pixel electrodes is greater than half 
a cell gap thereof. 



15. The electro-optical device according to Claim 6 or 
Claim 12. wherein the thickness of the projections 
is at least 300 nm. 

5 16. The electro-optical device according to Claim 1. 
wherein the first substrate comprises a Mat area 
formed on the side thereof facing the electro-optical 
material in a position corresponding to the spacing 
between the adjacent pixel electrodes which are 

10 driven by the same polarity voltages. 

17. The electro-optical device according to Claim 16, 
wherein the first substrate, comprises a groove on 
the flat area of the surface thereof, and a line is 

is formed in an area corresponding to the groove. 

18. An electro-optical device comprising: 

a first substrate having a plurality of pixel elec- 

20 trades; 

a second substrate having an opposing elec- 
trode facing the pixel electrodes; 
an electro-optical material interposed between 
the first substrate and the second substrate; 

25 and 

a plurality of projections formed on the first sub- 
strate beneath the pixel electrodes in a position 
corresponding to the spacing between adjacent 
pixBl electrodes which are driven by mutually 

30 opposite polarity voltages. 

19. An electro-optical device comprising: 

a first substrate having a plurality of pixel elec- 

35 trades; 

a second substrate having an opposing elec- 
trode facing the pixel electrodes; 
an electro-optical material interposed between 
the first substrate and the second substrate; 

40 and 

a plurality of projections formed on the second 
substrate beneath the opposing electrode in a 
position corresponding to the spacing between 
adjacent pixel electrodes which are driven by 

45 mutually opposite polarity voltages. 

20. An electro-optical device comprising: 

a first substrate having a plurality of pixel elec- 

50 trades; 

a second substrate having an opposing elec- 
trode facing the pixel electrodes: 
an electro-optical material interposed between 
the first substrate and the second substrate; 

55 and 

a flat area formed on the side of the first sub- 
strate facing the electro-optical material in a po- 
sition corresponding to the spacing between 
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adjacent pixel electrodes which are driven by 
the same polarity voltages. 

21. An electro-optical device comprising: 

an element-array substrate having a plurality of 
data lines, a plurality of scanning lines inter- 
secting the data lines, a plurality of pixel elec- 
trodes arranged in a matrix, each pixel elec- 
trode arranged in an area surrounded by the 
data lines and the scanning lines, and a switch- 
ing element, connected to the data line and the 
scanning line, for outputting a video signal to 
the pixel electrode; 

an opposing substrate having an opposing 

electrode facing the pixel electrodes; 

an electro-optical material interposed between 

the element-array substrate and the opposing 

substrate; 

a flat area formed on the element-array sub- 
strate on the side thereof facing the electro-op- 
tical material in an area along the data line; and 
a projection formed on the element-array sub- 
strate on the side thereof facing the electro-op- 
tical material in an area along the scanning line. 

22- The electro-optical device according to Claim 21, 
wherein the flat area is formed on the element-array 
substrate by forming a groove along the data line. 

23. An electro-optical device comprising: 

an element-array substrate having a plurality of 
data lines, a plurality of scanning lines inter- 
secting the data lines, a plurality of pixel elec- 
trodes arranged in a matrix, each pixel elec- 
trode arranged in an area surrounded by the 
data lines and the scanning lines, and a switch- 
ing element, connected to the data line and the 
scanning line, for outputting a video signal to 
the pixel electrode: 

an opposing substrate having an opposing 

electrode facing the pixel electrodes; 

an electro-optical material interposed between 

the element-array substrate and the opposing 

substrate; 

a projection formed on the element-array sub- 
strate on the side thereof facing the electro-op- 
tical material in an area along the data line; and 
a flat area formed on the element-array sub- 
strate on the side thereof facing the electro-op- 
tical material in an area along the scanning line. 

24. The electro-optical device according to Claim 23. 
further comprising a capacitive line extending along 
the scanning line, and 

the flat area is formed in an area of the capac- 
itive line. 



25. The electro-optical device according to Claim 21 or 
Claim 23 : wherein the projection has a flat portion 
on the peak thereof. 

5 26. The electro-optical device according to Claim 24. 
wherein the flat area on the element-array substrate 
is furnished with a groove in at least an area thereof 
extending along the scanning line and the capaci- 
tive line. 

10 

27. An electro-optical device comprising: 

an element-array substrate having a plurality of 
data lines, a plurality of scanning lines inter- 

15 secting the data lines, a plurality of pixel elec- 

trodes arranged in a matrix, each pixel elec- 
trode arranged in an area surrounded by the 
data lines and the scanning lines, and a switch- 
ing element, connected to the data line and the 

20 scanning iine : for outputting a video signal to 

the pixel electrode; 

an opposing substrate having an opposing 
electrode facing the pixel electrodes; 
an electro-optical material interposed between 
25 the element-array substrate and the opposing 

substrate; 

a flat area formed on the opposing substrate on 
the side thereof facing the electro-optical ma- 
terial in an area corresponding to the data line 
30 of the element-array substrate; and 

a projection formed on the opposing substrate 
on the side thereof facing the electro-optical 
material in an area corresponding to the scan- 
ning line of the element-array substrate. 

35 

28. The electro-optical device according to Claim 21 or 
Claim 27, wherein the plurality of the pixel elec- 
trodes arranged in a matrix are driven in an alter- 
nating drive manner on a scanning line by scanning 

40 line basis. 

29. An electro-optical device comprising: 

an element-array substrate having a plurality of 
45 data lines, a plurality of scanning lines inter- 

secting the data lines, a plurality of pixel elec- 
trodes arranged in a matrix, each pixel elec- 
trode arranged in an area surrounded by the 
data lines and the scanning lines, and a switch- 
50 ing element, connected to the data line and the 

scanning line : for outputting a video signal to 
the pixel electrode: 

an opposing substrate having an opposing 
electrode facing the pixel electrodes; 
55 an electro-optical material interposed between 

the element-array substrate and the opposing 
substrate; 

a projection formed on the opposing substrate 
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on the side thereof facing the electro-optical 
material in an area corresponding to the data 
line of the element-array substrate; and 
a flat area formed on the opposing substrate on 
the side thereof facing the electro-optical ma- 
terial in an area corresponding to the scanning 
line of the element-array substrate. 

30. The electro-optical device according to Claim 23 or 
Claim 29, wherein the plurality of the pixel elec- 
trodes arranged in a matrix are driven in an alter- 
nating drive manner on a data line by data line ba- 
sis. 



25 



31 The electro-optical device according to Claim 21 or 
" Claim 27 or Claim 29, further comprising a capaci- 
tive line extending along the scanning line, 

wherein the projection is formed in an area of 
the capacitive line. 

32. The electro-optical device according to Claim 24 or 
Claim 31. wherein the capacitive line is formed of 
the same layer as that of the scanning line. 

33. The electro-optical device according to Claim 24 or 
Claim 31 , wherein the capacitive line is formed over 
an area of the scanning line with an insulating layer 
interposed therebetween. 

34. The electro-optical device according to Claim 27 or 
Claim 29, wherein the element-array substrate 
comprises, on the surface thereof, a groove, in an 
area corresponding to the area where the data line 
extends, for planarizing the surface of the element- 
array substrate facing the electro-optical material. 

35. The electro-optical device according to Claim 27 or 
Claim 29, wherein the element-array substrate 
comprises, on the surface thereof, a groove, in an 
area corresponding to the area where the scanning 
line extends, for planarizing the surface of the ele- 
ment-array substrate facing the electro-optical ma- 
terial. 

36. A projector comprising a light valve comprising an 
electro-optical device according to one of Claims 1 
through 35 and a projection optical system. 

37. An electro-optical device comprising: 

an element-array substrate having a plurality of 
data lines, a plurality of scanning lines inter- 
secting the data lines, a plurality of pixel elec- 
trodes arranged in a matrix, each pixel elec- 
trode arranged in an area surrounded by the 
data lines and the scanning lines, and a switch- 
ing element, connected to the data line and the 
scanning line, for outputting a video signal to 



the pixel electrode; 

an opposing substrate having an opposing 
electrode facing the pixel electrodes: 
an electro-optical material interposed between 
5 the element-array substrate and the opposing 

substrate; and 

projections at least partly formed on the ele- 
ment-array substrate on the side thereof facing 
the electro-optical material and on the oppos- 
10 ing substrate on the side thereof facing the 

electro-optical material. 

38. The electro-optical device according to Claim 37. 
wherein the projection is formed in a generation ar- 
ts ea of the transverse electric field on the element- 
array substrate. 

39. The electro-optical device according to Claim 37. 
wherein the projection is formed in an area corre- 

20 sponding to the spacing between the adjacent pixel 
electrodes which are driven by mutually opposite 
polarity voltages. 



40. The electro-optical device according to Claim 37. 
wherein the projection on the element-array sub- 
strate and the projection on the opposing substrate 
are formed to face each other. 



41. The electro-optical device according to Claim 37, 
30 wherein the projection on the element-array sub- 
strate and the projection on the opposing substrate 
are formed in different positions to be out of align- 
ment with each other. 
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